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Beams are continuously dumped

PBC oppotunity of beam dumps at a linear collider
Physics Beyond Colliders (PBC) program aims to to create new value 
by leveraging the infrastructure of accelerator facilities.

This talk will focus on the PBC opportunity at the ILC beam dumps
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15 Beam dumps at ILC

Fig. from Kaoru Yokoya

Main beam dumps

e+ e-

Focus on the potential of main beam dumps
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Main beam dumps

1.8 m

Water

HotCold

Cold

from the Interaction Point

11 m (~30 X0)

We can utilize this very high-power “target”
without any additional cost.

e+/e- Beams

Upto ~17 MW

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

125 GeV, e-

(1 injection)

Luminosity between shower 
particles and proton/neutron

Secondary particles

dL
d ln x [ab�1/year]

<latexit sha1_base64="MtLwmHuGe4ICLDgHW6KePNh73Gg="></latexit>

x (= E/Ebeam)
<latexit sha1_base64="L6DBOuFXQ5L8QMG5t0L4SQA6214=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREKepCKUjBZQX7gDaEyXTaDp1JwsxErKH6K25cKOLW/3Dn3zhJg/g6MHA45x7uneOFjEplWR9GbmZ2bn4hv1hYWl5ZXTPXN5oyiAQmDRywQLQ9JAmjPmkoqhhph4Ig7jHS8kbnid+6JkLSwL9S45A4HA182qcYKS255tYNvCud1vZrbtwVHHo6OtlzzaJVtlLAv8TOSBFkqLvme7cX4IgTX2GGpOzYVqicGAlFMSOTQjeSJER4hAako6mPOJFOnF4/gbta6cF+IPTzFUzV74kYcSnH3NOTHKmh/O0l4n9eJ1L9Yyemfhgp4uPpon7EoApgUgXsUUGwYmNNEBZU3wrxEAmElS6skJZwkqDy9eW/pHlQtg/LlUurWD3L6siDbbADSsAGR6AKLkAdNAAGt+ABPIFn4954NF6M1+lozsgym+AHjLdPyyKURw==</latexit>

e�
<latexit sha1_base64="Bvvc87abSt+o1i82y0jDdyCje8Q=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4cchM7cONFNy4rGhroR1LJs20oZnMkGSEMvQT3LhQxK1f5M6/MdMW8XXgwuGce7n3Hj/mTGmEPqzc0vLK6lp+vbCxubW9U9zda6sokYS2SMQj2fGxopwJ2tJMc9qJJcWhz+mtP77I/Nt7KhWLxI2exNQL8VCwgBGsjXRN7076xRKyz+pVt+JCZCNUc8vVjLi1U7cMHaNkKIEFmv3ie28QkSSkQhOOleo6KNZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnZ06hUdGGcAgkqaEhjP1+0SKQ6UmoW86Q6xH6reXif953UQHdS9lIk40FWS+KEg41BHM/oYDJinRfGIIJpKZWyEZYYmJNukU5iFkqHy9/Je0Xdsp25UrVGqcL+LIgwNwCI6BA2qgAS5BE7QAAUPwAJ7As8WtR+vFep235qzFzD74AevtE2CWjfw=</latexit>

e+
<latexit sha1_base64="Twv+KJ3I8lMXXGjmRLLzm7t2KCo=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCD2RxMxFAl48RjQLJGPo6fQkTXoWunuEEPIJXjwo4tUv8ubf2DMJ4vag4PFeFVX1vFhwpTH+sJaWV1bX1nMb+c2t7Z3dwt5+S0WJpKxJIxHJjkcUEzxkTc21YJ1YMhJ4grW98WXqt++ZVDwKb/UkZm5AhiH3OSXaSDfs7rRfKOISNqhWUUrsGrYNcZxauewgO7MwLsICjX7hvTeIaBKwUFNBlOraONbulEjNqWCzfC9RLCZ0TIasa2hIAqbcaXbqDB0bZYD8SJoKNcrU7xNTEig1CTzTGRA9Ur+9VPzP6ybar7lTHsaJZiGdL/ITgXSE0r/RgEtGtZgYQqjk5lZER0QSqk06+SwEJ0Xl6+W/pFUu2WelyjUu1i8WceTgEI7gBGw4hzpcQQOaQGEID/AEz5awHq0X63XeumQtZg7gB6y3T1HqjfM=</latexit>

�
<latexit sha1_base64="RLBgwB8/p6Yw5mVRocTH6e45tfU=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KolS1IsUvHisYD+gDWWy3bRrdzdhdyOU0P/gxYMiXv0/3vw3btIgan0w8Hhvhpl5QcyZNq776Swtr6yurZc2yptb2zu7lb39to4SRWiLRDxS3QA05UzSlmGG026sKIiA004wuc78zgNVmkXyzkxj6gsYSRYyAsZK7f4IhIBBperW3Bx4kXgFqaICzUHloz+MSCKoNISD1j3PjY2fgjKMcDor9xNNYyATGNGepRIE1X6aXzvDx1YZ4jBStqTBufpzIgWh9VQEtlOAGeu/Xib+5/USE174KZNxYqgk80VhwrGJcPY6HjJFieFTS4AoZm/FZAwKiLEBlfMQLjPUv19eJO3TmndWq9+61cZVEUcJHaIjdII8dI4a6AY1UQsRdI8e0TN6cSLnyXl13uatS04xc4B+wXn/Ap1vj0U=</latexit>

µ
<latexit sha1_base64="90glsg/ysygCF8+hkqqSyNhW3ik=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwVSa2oe1GCm5cVrQPaEOZTCft0JkkzEyEEvoJblwo4tYvcuffOEmD+Dpw4XDOvdx7jxdxpjRCH1ZhbX1jc6u4XdrZ3ds/KB8e9VQYS0K7JOShHHhYUc4C2tVMczqIJMXC47Tvza9Sv39PpWJhcKcXEXUFngbMZwRrI92ORDwuV1AVOQ1kOxBV67Vmrd4yBGWAdk4qIEdnXH4fTUISCxpowrFSQxtF2k2w1IxwuiyNYkUjTOZ4SoeGBlhQ5SbZqUt4ZpQJ9ENpKtAwU79PJFgotRCe6RRYz9RvLxX/84ax9ptuwoIo1jQgq0V+zKEOYfo3nDBJieYLQzCRzNwKyQxLTLRJp5SF0ErhfL38l/Quqnat6tygSvsyj6MITsApOAc2aIA2uAYd0AUETMEDeALPFrcerRfrddVasPKZY/AD1tsnu2CONw==</latexit>

125 GeV, 2.6 MW

Shower particles can create a large number 
of secondary particles and rare events.
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• Very forward muons are obtained by e± beams.

• Positron dump generates more high-energy muons.

Muons
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

2
<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>

�4
<latexit sha1_base64="1LPsnUxEdHJvgFU7Mw8MZivTqlQ=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgyJrdS6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UblXKFqmlQr9BXsGxfOP0t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqJRnULW/Qmgem3bJPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3PdkKQ=</latexit>

�2
<latexit sha1_base64="u2WGLHauzYnaPRDOIM1Jgca86u0=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgxJq9S6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UalXKFqmlQr9BXsGxfOP8t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqBzPoGp/hdAsmXbZPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3DVkKI=</latexit>

0
<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>

10
<latexit sha1_base64="01xx2bGRriEv8ZvqERtakMZP7cw=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o3rDMoVx3Yyob/gLqBy8VbN1ByU3/vDiCQhFZpwrFTPdWLtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbpDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfo4NxLmYgTTQXJFwUJRzpC82+jIZOUaD41gIlk5lZExlhiok04pSyEeiaUQ+10AXX3K4T2ie1W7bNrp9KwIVcRDuAQjsGFGjTgCprQAgIB3MMjPFkT68F6tl7y1oK1mNmHH7JePwEEgI+S</latexit>

15
<latexit sha1_base64="bdlBpeEoS/5paBAtr80q19VcIJs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJWmpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o1bHZQrju1kQn/BXUDl4u00U3NQfu8PI5KEVGjCsVI914m1l2KpGeF0VuonisaYTPCI9gwKHFLlpdmlM3RknCEKImme0Chzv0+kOFRqGvqmM8R6rH7X5uZ/tV6ig3MvZSJONBUkXxQkHOkIzb+NhkxSovnUACaSmVsRGWOJiTbhlLIQ6plQDrWzBdTdrxDaJ7Z7alevnUrDhlxFOIBDOAYXatCAK2hCCwgEcA+P8GRNrAfr2XrJWwvWYmYffsh6/QQMFI+X</latexit>

20
<latexit sha1_base64="tWkqD6riREOFwffSO6nGezCftgQ=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhxWcXaQhvKZDpph04mYWYilNA3cONCEbc+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nwyosLa+srhXXSxubW9s75d29WxUlktA2iXgkuz5WlDNB25ppTruxpDj0Oe34k4t5vXNHpWKRuNHTmHohHgkWMIK1sa6rzqBccWwnE/oL7gIq52+1TK1B+b0/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jMocEiVl2aXztCRcYYoiKR5QqPM/T6R4lCpaeibzhDrsfpdm5v/1XqJDs68lIk40VSQfFGQcKQjNP82GjJJieZTA5hIZm5FZIwlJtqEU8pCaGRCOdRPFtBwv0K4rdpuzT69cipNG3IV4QAO4RhcqEMTLqEFbSAQwD08wpM1sR6sZ+slby1Yi5l9+CHr9RMGBY+T</latexit>

0
<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

5
<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>

F
lu
x
[1
/c
m

2
/s
]

<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>

107

106

105

104

103

102

101

100

10�1

10�2

10�3

10�4
<latexit sha1_base64="fpJ8+en0EDIxSU77VHk3XGWyKoI="></latexit>

Beams

Concrete

Water

43.7 GeV

Positron dump

Electron dump

�N ! µ+µ�X
<latexit sha1_base64="vqkBpFp0dvvj0Yd2qU/+//Il358=">AAACEnicbVDLSgMxFM34rPU16k43wSIIYpkqRbuRghtXUsE+oDOWTJppQ5PMkGSEUgp+hN/gVtfuxK0/4NI/MTMdxFoPJBzOuZd77/EjRpV2nE9rbn5hcWk5t5JfXVvf2LS3thsqjCUmdRyyULZ8pAijgtQ11Yy0IkkQ9xlp+oPLxG/eE6loKG71MCIeRz1BA4qRNlLH3nV7iHMEr6GrQ+jy+O4o/Y9hq2MXnKKTAs6SUkYKIEOtY3+53RDHnAiNGVKqXYm0N0JSU8zIOO/GikQID1CPtA0ViBPljdITxvDAKF0YhNI8oWGq/u4YIa7UkPumkiPdV3+9RPzPa8c6OPdGVESxJgJPBgUxg+baJA/YpZJgzYaGICyp2RXiPpIIa5Pa1BSfj/NpJpUE5Z8EZknjpFg6LZZvnEL1IksnB/bAPjgEJXAGquAK1EAdYPAAnsAzeLEerVfrzXqflM5ZWc8OmIL18Q3c2JzL</latexit>

Energy of initial state @Lab-frame [GeV]

e+e�atomic ! µ+µ�
<latexit sha1_base64="uo1qVv9OQqp9mawRBnpFZmeKiDk=">AAACHHicbVDLSgMxFM3UV62vUZduglUQpGWqFO1GCm5cVrAP6LQlk962ocnMkGSEMvQH/Ai/wa2u3YlbwaV/YqYtYq0HEg7n3Mu993ghZ0o7zqeVWlpeWV1Lr2c2Nre2d+zdvZoKIkmhSgMeyIZHFHDmQ1UzzaERSiDC41D3hteJX78HqVjg3+lRCC1B+j7rMUq0kTr2EbRPMbRzndiVAhMdCEbH2NUBdkVkrOTPdeysk3cmwIukMCNZNEOlY3+53YBGAnxNOVGqWQp1KyZSM8phnHEjBSGhQ9KHpqE+EaBa8eSYMT42Shf3Ammer/FE/d0RE6HUSHimUhA9UH+9RPzPa0a6d9mKmR9GGnw6HdSLODa3JsngLpNANR8ZQqhkZldMB0QSqk1+c1M8Mc5MMiklKP4ksEhqZ/nCeb5462TLV7N00ugAHaITVEAXqIxuUAVVEUUP6Ak9oxfr0Xq13qz3aWnKmvXsozlYH9/icaEX</latexit>



7

E [MeV]
<latexit sha1_base64="ayLwhrj6sRxEwWWboIZayWsmnCo=">AAAB8HicbZDLSsNAFIZPvNZ6q7p0M9gK4qIkVandFURwI1SwF0lDmUyn7dCZJMxMhBL6FG5cKOLWx3Hn2zhNg3j7YeDjP+dwzvx+xJnStv1hLSwuLa+s5tby6xubW9uFnd2WCmNJaJOEPJQdHyvKWUCbmmlOO5GkWPictv3xxazevqdSsTC41ZOIegIPAzZgBGtj3ZUuS8i9pi2vVyjaZTsV+gtOBkXI1OgV3rv9kMSCBppwrJTr2JH2Eiw1I5xO891Y0QiTMR5S12CABVVekh48RYfG6aNBKM0LNErd7xMJFkpNhG86BdYj9bs2M/+rubEenHsJC6JY04DMFw1ijnSIZr9HfSYp0XxiABPJzK2IjLDERJuM8mkItVRoDtXTDGrOVwitStk5KZ/dVIr14yyOHOzDARyBA1WowxU0oAkEBDzAEzxb0nq0XqzXeeuClc3swQ9Zb59FgI++</latexit>

d
�
/d

lo
g 1

0
E

[1
/c
m

2
/s
]

<latexit sha1_base64="lyj+vUmAOm4fBEUMBQeDDAYB0fQ=">AAACCnicbZBNS8MwHMbT+TbnW9Wjl+gqiIetncrcbSCCxwluDrpa0jTbwtKmJKkwys5e/CpePCji1U/gzW9j1xXx7YHAj+f5/0nyeBGjUpnmh1aYm19YXCoul1ZW19Y39M2tjuSxwKSNOeOi6yFJGA1JW1HFSDcSBAUeI9fe6GyaX98SISkPr9Q4Ik6ABiHtU4xUarn6rm/0oiE1qj7jA8NNLHNybkDbquLAuKkZVem4etmsmJngX7ByKINcLVd/7/kcxwEJFWZIStsyI+UkSCiKGZmUerEkEcIjNCB2iiEKiHSS7CsTuJ86PuxzkZ5Qwcz9vpGgQMpx4KWTAVJD+Tubmv9ldqz6p05CwyhWJMSzi/oxg4rDaS/Qp4JgxcYpICxo+laIh0ggrNL2SlkJjUxwBvXjHBrWVwmdWsU6qpxc1srNw7yOItgBe+AAWKAOmuACtEAbYHAHHsATeNbutUftRXudjRa0fGcb/JD29gko1ZhX</latexit>

z-range
<latexit sha1_base64="P+CNzrMuwSO0J0pTHHd9OpiGkrY="></latexit>

0

0.5

1
<latexit sha1_base64="OMWZbQXh35RpnRGMisZhJW1X1Q8="></latexit>

6 - 7m
<latexit sha1_base64="u82LZJYjiFz8NUBXrtm1qnBRYZc=">AAAB/nicbZA7SwNBFIVnfcb4ihErm8EgWGjY9RVTGbCxjGASIRvC7GSSDJnZXWbuimFJ8FdYa5NCCbb+Djv/hY29m00QXwcGPs65l7kcxxdcg2m+GVPTM7Nz84mF5OLS8spqai1d1l6gKCtRT3jqyiGaCe6yEnAQ7MpXjEhHsIrTORvllWumNPfcS+j6rCZJy+VNTglEVj21cdy3gd1AuNfr5+zd0FYSy149lTGzZiz8F6wJZE7fP4Z3g/t0sZ56tRseDSRzgQqiddUyfaiFRAGngvWSdqCZT2iHtFg1QpdIpmthfH4Pb0dOAzc9FT0XcOx+3wiJ1LornWhSEmjr39nI/C+rBtA8qYXc9QNgLh1/1AwEBg+PusANrhgF0Y2AUMWjWzFtE0UoRI0l4xLysfAYcocTyFtfJZT3s9ZB9ujCzBR20FgJtIm20A6yUA4V0DkqohKiKEQP6BE9GbfGwBgaz+PRKWOys45+yHj5BIxSmqw=</latexit>

(Cosmic ray neutron)⇥
�
3⇥ 1010

�
<latexit sha1_base64="qAhQve/0nHTEToEikosOkgCkClM="></latexit>

e� Beam : 125GeV, 2.6MW
<latexit sha1_base64="/0qAc+aqEaTOtnfFF3evOAeYTrA="></latexit>

Neutron
<latexit sha1_base64="LpqfyphRsCkmJHSjHdtBf19vGcY=">AAAB9HicbZBLSwMxFIUz9VXrqz52boJFcFVmfFC7suBCV1LBPqAdSibNtKGZZEwyhTr0d7hxoYjbrvwl7lz6T0xnivg6EPg4515yOV7IqNK2/W5l5uYXFpeyy7mV1bX1jfzmVl2JSGJSw4IJ2fSQIoxyUtNUM9IMJUGBx0jDG5xP88aQSEUFv9GjkLgB6nHqU4y0sdy47fnwikRaCj7u5At20U4E/4Izg8LZ693HxWQnrnbyb+2uwFFAuMYMKdVy7FC7MZKaYkbGuXakSIjwAPVIyyBHAVFunBw9hvvG6UJfSPO4hon7fSNGgVKjwDOTAdJ99Tubmv9lrUj7p25MeRhpwnH6kR8xqAWcNgC7VBKs2cgAwpKaWyHuI4mwNj3lkhLKiWAKpeMZlJ2vEuqHReeoeHJtFyo2SJUFu2APHAAHlEAFXIIqqAEMbsE9eARP1tB6sJ6tl3Q0Y812tsEPWZNPN02Wdg==</latexit>

[m]
<latexit sha1_base64="GGT9dkvFyiH+mlLAP9z5XGo/MGw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCoztVK7K7hxWdHawnQomTTThiaZIckIpfQR3LhQxK1P5M63MZ0O4u2HwMd/zuGc/GHCmTau++EUVlbX1jeKm6Wt7Z3dvfL+wZ2OU0Voh8Q8Vr0Qa8qZpB3DDKe9RFEsQk674eRyUe/eU6VZLG/NNKGBwCPJIkawsdaNL4JBueJW3UzoL3g5VCBXe1B+7w9jkgoqDeFYa99zExPMsDKMcDov9VNNE0wmeER9ixILqoNZduocnVhniKJY2ScNytzvEzMstJ6K0HYKbMb6d21h/lfzUxNdBDMmk9RQSZaLopQjE6PFv9GQKUoMn1rARDF7KyJjrDAxNp1SFkIzE1pCo55D0/sK4a5W9c6q59e1Squex1GEIziGU/CgAS24gjZ0gMAIHuAJnh3uPDovzuuyteDkM4fwQ87bJ3LcjkQ=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

• Atmospheric-like neutrons are obtained. (Consistent up to a few GeV.)

• An irradiation field suitable for studying soft errors in integrated circuits, etc. 
➡ An industrial application of the ILC beam dump

YS, S.Michizono, N.Terunuma, 
T.Sanami. 2210.08690

~10 m

Beams

'<latexit sha1_base64="CaPtR+oivmhHDo6h6p3eIxOrXTo=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAIrsqMVWo3WnDjsoK9QDuUTHqmjU1mxiQjlFJ8Bbe6dydufQCfwq1PYjpTxKo/BD7+cw7n5PcizpS27Q8rs7C4tLySXc2trW9sbuW3dxoqjCWFOg15KFseUcBZAHXNNIdWJIEIj0PTG15M6807kIqFwbUeReAK0g+YzyjRxmp0FBNw280X7KKdCP8FZwaF8/dSolo3/9nphTQWEGjKiVJtx460OyZSM8phkuvECiJCh6QPbYMBEaDccXLtBB8Yp4f9UJoXaJy4PyfGRCg1Ep7pFEQP1O/a1Pyv1o61f+qOWRDFGgKaLvJjjnWIp1/HPSaBaj4yQKhk5lZMB0QSqk1Ac1s8MckloVQS4RTKxzOoON+hNI6KTql4cmUXqmcoVRbtoX10iBxURlV0iWqojii6QQ/oET1Z99az9WK9pq0Zazazi+ZkvX0BWjWYmg==</latexit>

From theconversation.com

Cosmic rays

= 10.3 m 
water pressure

1,013 hPa

Primary proton spectrum (E >1GeV)
= 1/EP  (P = 1 to 2.7)

Shower photon spectrum
= 1/E2

Piled-up atmosphere    Water in the beamdump'<latexit sha1_base64="CaPtR+oivmhHDo6h6p3eIxOrXTo=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAIrsqMVWo3WnDjsoK9QDuUTHqmjU1mxiQjlFJ8Bbe6dydufQCfwq1PYjpTxKo/BD7+cw7n5PcizpS27Q8rs7C4tLySXc2trW9sbuW3dxoqjCWFOg15KFseUcBZAHXNNIdWJIEIj0PTG15M6807kIqFwbUeReAK0g+YzyjRxmp0FBNw280X7KKdCP8FZwaF8/dSolo3/9nphTQWEGjKiVJtx460OyZSM8phkuvECiJCh6QPbYMBEaDccXLtBB8Yp4f9UJoXaJy4PyfGRCg1Ep7pFEQP1O/a1Pyv1o61f+qOWRDFGgKaLvJjjnWIp1/HPSaBaj4yQKhk5lZMB0QSqk1Ac1s8MckloVQS4RTKxzOoON+hNI6KTql4cmUXqmcoVRbtoX10iBxURlV0iWqojii6QQ/oET1Z99az9WK9pq0Zazazi+ZkvX0BWjWYmg==</latexit>

Neutrons

File = geometry2.out [t-track] in xyz mesh Date = 10:32 02-May-202

calculated by PHITS 3.25 plotted by ANGEL 4.5
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  emin  =   1.0000E+01 [MeV]
  emax  =   1.0000E+03 [MeV]
  ymin  =  -5.0000E+01 [cm]

  ymax  =   5.0000E+01 [cm]
  part. = neutron

10
<latexit sha1_base64="01xx2bGRriEv8ZvqERtakMZP7cw=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o3rDMoVx3Yyob/gLqBy8VbN1ByU3/vDiCQhFZpwrFTPdWLtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbpDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfo4NxLmYgTTQXJFwUJRzpC82+jIZOUaD41gIlk5lZExlhiok04pSyEeiaUQ+10AXX3K4T2ie1W7bNrp9KwIVcRDuAQjsGFGjTgCprQAgIB3MMjPFkT68F6tl7y1oK1mNmHH7JePwEEgI+S</latexit>

15
<latexit sha1_base64="bdlBpeEoS/5paBAtr80q19VcIJs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJWmpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o1bHZQrju1kQn/BXUDl4u00U3NQfu8PI5KEVGjCsVI914m1l2KpGeF0VuonisaYTPCI9gwKHFLlpdmlM3RknCEKImme0Chzv0+kOFRqGvqmM8R6rH7X5uZ/tV6ig3MvZSJONBUkXxQkHOkIzb+NhkxSovnUACaSmVsRGWOJiTbhlLIQ6plQDrWzBdTdrxDaJ7Z7alevnUrDhlxFOIBDOAYXatCAK2hCCwgEcA+P8GRNrAfr2XrJWwvWYmYffsh6/QQMFI+X</latexit>

20
<latexit sha1_base64="tWkqD6riREOFwffSO6nGezCftgQ=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhxWcXaQhvKZDpph04mYWYilNA3cONCEbc+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nwyosLa+srhXXSxubW9s75d29WxUlktA2iXgkuz5WlDNB25ppTruxpDj0Oe34k4t5vXNHpWKRuNHTmHohHgkWMIK1sa6rzqBccWwnE/oL7gIq52+1TK1B+b0/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jMocEiVl2aXztCRcYYoiKR5QqPM/T6R4lCpaeibzhDrsfpdm5v/1XqJDs68lIk40VSQfFGQcKQjNP82GjJJieZTA5hIZm5FZIwlJtqEU8pCaGRCOdRPFtBwv0K4rdpuzT69cipNG3IV4QAO4RhcqEMTLqEFbSAQwD08wpM1sR6sZ+slby1Yi5l9+CHr9RMGBY+T</latexit>0

<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

5
<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>

2
<latexit sha1_base64="jgfiuuxSmDxZYlTNMgkQFziu86Q=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhx2YK9QBvKZDppx04mYWYilNAncONCEbe+gm/izrdxmhbx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydW83rmjUrFI3OhpTL0QjwQLGMHaWM3yoFhybCcT+gvuEkqXb5VMjUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaMyhwSJWXZofO0IlxhiiIpHlCo8z9PpHiUKlp6JvOEOux+l2bm//VeokOLryUiTjRVJDFoiDhSEdo/ms0ZJISzacGMJHM3IrIGEtMtMmmkIVQy4QWUD1bQs39CqFdtt2Kfd50SnUbFsrDERzDKbhQhTpcQwNaQIDCPTzCk3VrPVjP1suiNWctZw7hh6zXT5ggj1k=</latexit>

4
<latexit sha1_base64="d1brec5qrnUYkOZMLGRjXuH5GhQ=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJrdSuLLhx2YK9QBvKZDppx04mYWYilNIncONCEbe+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydWi3rmjUrFI3OhpTL0QjwQLGMHaWM3KoFhybCcV+gvuEkqXb+VUjUHxvT+MSBJSoQnHSvVcJ9beDEvNCKfzQj9RNMZkgke0Z1DgkCpvlh46RyfGGaIgkuYJjVL3+8QMh0pNQ990hliP1e/awvyv1kt0cOHNmIgTTQXJFgUJRzpCi1+jIZOUaD41gIlk5lZExlhiok02hTSEWiqUQbWyhJr7FUL7zHbL9nnTKdVtyJSHIziGU3ChCnW4hga0gACFe3iEJ+vWerCerZesNWctZw7hh6zXT5soj1s=</latexit>

�2
<latexit sha1_base64="u2WGLHauzYnaPRDOIM1Jgca86u0=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgxJq9S6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UalXKFqmlQr9BXsGxfOP8t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqBzPoGp/hdAsmXbZPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3DVkKI=</latexit>

0
<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

6
<latexit sha1_base64="crtZX9uJAj+EgsTXLwpVIQzrwbc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWtXFty4bMFeoA1lMp20YyeTMDMRSukTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYeWWlldW1/LrhY3Nre2d4u5eS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Gpeb99RqVgkbvQkpl6Ih4IFjGBtrMZ5v1hybCcV+gvuAkqXb+VU9X7xvTeISBJSoQnHSnVdJ9beFEvNCKezQi9RNMZkjIe0a1DgkCpvmh46Q0fGGaAgkuYJjVL3+8QUh0pNQt90hliP1O/a3Pyv1k10cOFNmYgTTQXJFgUJRzpC81+jAZOUaD4xgIlk5lZERlhiok02hTSEaiqUQeV0AVX3K4TWie2W7bOGU6rZkCkPB3AIx+BCBWpwDXVoAgEK9/AIT9at9WA9Wy9Za85azOzDD1mvn54wj10=</latexit>

x
[m

]
<latexit sha1_base64="2UKbwCia7f8XH7XJSeoIwoQgSFc=">AAAB9HicbZBLSwMxFIUzPmt9VV26CbaCq2GmKrW7ghuXFewDpkPJpJk2NMmMSaZYhvo33LhQxK0/xp3/xnQ6iK8DgY9z7iWXE8SMKu04H9bS8srq2npho7i5tb2zW9rbb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjC/neWdCpKKRuNHTmPgcDQUNKUbaWH7lrnLvpT3JIZ/5/VLZsZ1M8C+4OZRBrma/9N4bRDjhRGjMkFKe68TaT5HUFDMyK/YSRWKEx2hIPIMCcaL8NDt6Bo+NM4BhJM0TGmbu940UcaWmPDCTHOmR+p3Nzf8yL9HhhZ9SESeaCLz4KEwY1BGcNwAHVBKs2dQAwpKaWyEeIYmwNj0VsxLqmeACamc51N2vEtpV2z21z6+r5Yad11EAh+AInAAX1EADXIEmaAEMbsEDeALP1sR6tF6s18XokpXvHIAfst4+AWQykjM=</latexit>

(Concrete)
<latexit sha1_base64="tvunLhkOSyuFDIUEG6PAa4fQihE=">AAAB+nicbZDLSgMxFIYz9V5vVZeCBItQXZQZL6i7QjcuFawKbSmZ9LQNzWSG5Ixaxi59DDcuFHHrwudw5zP4EqbTIt5+CHz8/znk8PuRFAZd993JjI1PTE5Nz2Rn5+YXFnNLy2cmjDWHCg9lqC98ZkAKBRUUKOEi0sACX8K53y0P8vNL0EaE6hR7EdQD1laiJThDazVySzWEa0wK5VBxDQib/UYu7xbdVPQveCPIl7K3a68nH7fHjdxbrRnyOACFXDJjqp4bYT1hGgWX0M/WYgMR413WhqpFxQIw9SQ9vU83rNOkrVDbp5Cm7veNhAXG9ALfTgYMO+Z3NjD/y6oxtg7qiVBRjKD48KNWLCmGdNADbQoNHGXPAuNa2Fsp7zDNONq2smkJh6noEPZ3R3DofZVwtl30dop7J7aNLTLUNFkl66RAPLJPSuSIHJMK4eSK3JEH8ujcOPfOk/M8HM04o50V8kPOyyf7iJfT</latexit>

3m
<latexit sha1_base64="spuKTIXE7q69fH/vqDM3lLFPw0o=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAoFaTMWKV2ZcGNywq2FTtDyaRpG5pkhiQjlKHP4MaNC0Xc6lP4CO58EPemM0W8/RD4+M85nJPfDxlV2rbfrczM7Nz8QnYxt7S8srqWX99oqiCSmDRwwAJ56SNFGBWkoalm5DKUBHGfkZY/PJ3UW9dEKhqICz0KicdRX9AexUgb66rs7seu5JCPO/mCXbITwb/gTKFw8lL8eL1x9+qd/JvbDXDEidCYIaXajh1qL0ZSU8zIOOdGioQID1GftA0KxIny4uTiMdwxThf2Amme0DBxv0/EiCs14r7p5EgP1O/axPyv1o5079iLqQgjTQROF/UiBnUAJ9+HXSoJ1mxkAGFJza0QD5BEWJuQckkI1UQwhcrhFKrOVwjNg5JTLh2d24XaLkiVBVtgGxSBAyqgBs5AHTQABgLcgnvwYCnrznq0ntLWjDWd2QQ/ZD1/Aj1vlK4=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

~30° Beam axis
<latexit sha1_base64="IcXJksrIkL6iuW/na6moxUwGsPs=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQFyVVirorunFZwT6gDWUynbRDJ5Mwc1NaQv/EjQtF3Pon7vwbJ2kQtR4YOJxzD/fO8SLBNTjOp1VYWV1b3yhulra2d3b37P2Dlg5jRVmThiJUHY9oJrhkTeAgWCdSjASeYG1vfJv67QlTmofyAWYRcwMylNznlICR+rbdAzaF5MZEMJlyPe/bZafiZMDLpJqTMsrR6NsfvUFI44BJoIJo3a06EbgJUcCpYPNSL9YsInRMhqxrqCQB026SXT7HJ0YZYD9U5knAmfozkZBA61ngmcmAwEj/9VLxP68bg3/lJlxGMTBJF4v8WGAIcVoDHnDFKIiZIYQqbm7FdEQUoWDKKmUlXKeofX95mbTOK9WLSu3eKdfP8jqK6Agdo1NURZeoju5QAzURRRP0iJ7Ri5VYT9ar9bYYLVh55hD9gvX+BcFik8o=</latexit>

nirradiation
space

https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
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Searches for Long-Lived Particles

Active muon shield
The expertise from SHiP and the partial reuse of its equipment 

(if possible) will enhance the ILC beam dump experiment.

11 m ~50 m 50~100 m

μ

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

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</latexit>

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

~5 m

Beam dump Muon shield Decay volume / Multi-layer trackers

Detectors

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</latexit>

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</latexit>
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New particles from electromagnetic showers

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>

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>

X
<latexit sha1_base64="XM5LD+M0KsIdG2VNNQbKS8/L+2M=">AAAB93icbVDLSgMxFM3UV62vqks3wSK4GqbT967gxmUL9gHtUDJppg1NMkOSEYahX+BW1+7ErZ/j0j8x0xbxdeDC4Zx7ufceP2JUacd5t3Jb2zu7e/n9wsHh0fFJ8fSsr8JYYtLDIQvl0EeKMCpIT1PNyDCSBHGfkYG/uMn8wT2RiobiTicR8TiaCRpQjLSRusNJseTYrWbdrbnQsR2n4VbqGXEbVbcCy0bJUAIbdCbFj/E0xDEnQmOGlBq1Iu2lSGqKGVkWxrEiEcILNCMjQwXiRHnp6s4lvDLKFAahNCU0XKnfJ1LElUq4bzo50nP128vE/7xRrIOml1IRxZoIvF4UxAzqEGZPwymVBGuWGIKwpOZWiOdIIqxNND+2+HxZWGeSofaVwF/Sd+1yxa51nVK7ukknDy7AJbgGZdAAbXALOqAHMCDgATyCJyuxnq0X63XdmrM2M+fgB6y3T/R6k74=</latexit>

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

X
<latexit sha1_base64="XM5LD+M0KsIdG2VNNQbKS8/L+2M=">AAAB93icbVDLSgMxFM3UV62vqks3wSK4GqbT967gxmUL9gHtUDJppg1NMkOSEYahX+BW1+7ErZ/j0j8x0xbxdeDC4Zx7ufceP2JUacd5t3Jb2zu7e/n9wsHh0fFJ8fSsr8JYYtLDIQvl0EeKMCpIT1PNyDCSBHGfkYG/uMn8wT2RiobiTicR8TiaCRpQjLSRusNJseTYrWbdrbnQsR2n4VbqGXEbVbcCy0bJUAIbdCbFj/E0xDEnQmOGlBq1Iu2lSGqKGVkWxrEiEcILNCMjQwXiRHnp6s4lvDLKFAahNCU0XKnfJ1LElUq4bzo50nP128vE/7xRrIOml1IRxZoIvF4UxAzqEGZPwymVBGuWGIKwpOZWiOdIIqxNND+2+HxZWGeSofaVwF/Sd+1yxa51nVK7ukknDy7AJbgGZdAAbXALOqAHMCDgATyCJyuxnq0X63XdmrM2M+fgB6y3T/R6k74=</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>

X
<latexit sha1_base64="XM5LD+M0KsIdG2VNNQbKS8/L+2M=">AAAB93icbVDLSgMxFM3UV62vqks3wSK4GqbT967gxmUL9gHtUDJppg1NMkOSEYahX+BW1+7ErZ/j0j8x0xbxdeDC4Zx7ufceP2JUacd5t3Jb2zu7e/n9wsHh0fFJ8fSsr8JYYtLDIQvl0EeKMCpIT1PNyDCSBHGfkYG/uMn8wT2RiobiTicR8TiaCRpQjLSRusNJseTYrWbdrbnQsR2n4VbqGXEbVbcCy0bJUAIbdCbFj/E0xDEnQmOGlBq1Iu2lSGqKGVkWxrEiEcILNCMjQwXiRHnp6s4lvDLKFAahNCU0XKnfJ1LElUq4bzo50nP128vE/7xRrIOml1IRxZoIvF4UxAzqEGZPwymVBGuWGIKwpOZWiOdIIqxNND+2+HxZWGeSofaVwF/Sd+1yxa51nVK7ukknDy7AJbgGZdAAbXALOqAHMCDgATyCJyuxnq0X63XdmrM2M+fgB6y3T/R6k74=</latexit>

X
<latexit sha1_base64="XM5LD+M0KsIdG2VNNQbKS8/L+2M=">AAAB93icbVDLSgMxFM3UV62vqks3wSK4GqbT967gxmUL9gHtUDJppg1NMkOSEYahX+BW1+7ErZ/j0j8x0xbxdeDC4Zx7ufceP2JUacd5t3Jb2zu7e/n9wsHh0fFJ8fSsr8JYYtLDIQvl0EeKMCpIT1PNyDCSBHGfkYG/uMn8wT2RiobiTicR8TiaCRpQjLSRusNJseTYrWbdrbnQsR2n4VbqGXEbVbcCy0bJUAIbdCbFj/E0xDEnQmOGlBq1Iu2lSGqKGVkWxrEiEcILNCMjQwXiRHnp6s4lvDLKFAahNCU0XKnfJ1LElUq4bzo50nP128vE/7xRrIOml1IRxZoIvF4UxAzqEGZPwymVBGuWGIKwpOZWiOdIIqxNND+2+HxZWGeSofaVwF/Sd+1yxa51nVK7ukknDy7AJbgGZdAAbXALOqAHMCDgATyCJyuxnq0X63XdmrM2M+fgB6y3T/R6k74=</latexit>

1st study: S.Kanemura, T.Moroi, T.Tanabe, 1507.02809

YS, D.Ueda 2009.13790
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<latexit sha1_base64="iP+4Ips/mEK95are6h0gMjdqrsU=">AAAB7nicbZBLSwMxFIXv+Kz1VXXpJloEV2XGB7UbKXTjsoJ9QDuUTJppQ5OZIckoZejCtSsXulDErb/Hnf/GdKaIrwOBj3Pv5d4cL+JMadv+sObmFxaXlnMr+dW19Y3NwtZ2U4WxJLRBQh7KtocV5SygDc00p+1IUiw8TlveqDatt66pVCwMrvQ4oq7Ag4D5jGBtrNagl3RFPOkVinbJToX+gjODYnXvht/VHm7rvcJ7tx+SWNBAE46V6jh2pN0ES80Ip5N8N1Y0wmSEB7RjMMCCKjdJz52gA+P0kR9K8wKNUvf7RIKFUmPhmU6B9VD9rk3N/2qdWPtnbsKCKNY0INkiP+ZIh2j6d9RnkhLNxwYwkczcisgQS0y0SSifhlBJhTIon8yg4nyF0DwqOcel00uTxjlkysEu7MMhOFCGKlxAHRpAYAT38ATPVmQ9Wi/Wa9Y6Z81mduCHrLdPGDyTcw==</latexit>

Orsay

E137
NA64μ

BABAR

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

Leptophilic Scalar

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

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

⌧�
<latexit sha1_base64="h2El+kBStbN9sy/JEaY+KXq8+f4=">AAAB/XicbVDLSgMxFM34rPVVdekmWAQ3DjNT+3AjBTcuK9gHtGPJpGkbm2SGJCOUofgLbnXvTtz6LW79EjNtEaseuHA4517uvSeIGFXacT6speWV1bX1zEZ2c2t7Zze3t99QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhdpn7znkhFQ3GjxxHxORoI2qcYaSM1OhrFt6fdXN6xzyslr+hBx3acslcopcQrn3kF6BolRR7MUevmPju9EMecCI0ZUqrtOpH2EyQ1xYxMsp1YkQjhERqQtqECcaL8ZHrtBB4bpQf7oTQlNJyqPycSxJUa88B0cqSH6reXiv957Vj3K35CRRRrIvBsUT9mUIcwfR32qCRYs7EhCEtqboV4iCTC2gS0sCXgk+wslBTF7wj+koZnuwW7eO3kqxfzeDLgEByBE+CCMqiCK1ADdYDBHXgET+DZerBerFfrbda6ZM1nDsACrPcvCVCWAQ==</latexit>

Br = 5.48 %
Coherent, Quasi-elastic, Inelastic

⌧�
<latexit sha1_base64="h2El+kBStbN9sy/JEaY+KXq8+f4=">AAAB/XicbVDLSgMxFM34rPVVdekmWAQ3DjNT+3AjBTcuK9gHtGPJpGkbm2SGJCOUofgLbnXvTtz6LW79EjNtEaseuHA4517uvSeIGFXacT6speWV1bX1zEZ2c2t7Zze3t99QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhdpn7znkhFQ3GjxxHxORoI2qcYaSM1OhrFt6fdXN6xzyslr+hBx3acslcopcQrn3kF6BolRR7MUevmPju9EMecCI0ZUqrtOpH2EyQ1xYxMsp1YkQjhERqQtqECcaL8ZHrtBB4bpQf7oTQlNJyqPycSxJUa88B0cqSH6reXiv957Vj3K35CRRRrIvBsUT9mUIcwfR32qCRYs7EhCEtqboV4iCTC2gS0sCXgk+wslBTF7wj+koZnuwW7eO3kqxfzeDLgEByBE+CCMqiCK1ADdYDBHXgET+DZerBerFfrbda6ZM1nDsACrPcvCVCWAQ==</latexit>

⌧+
<latexit sha1_base64="eHXkeS93casqg88ccWCt8M/jvcI=">AAAB/XicbVDLSgMxFM34rPVVdekmWARBGGam9uFGCm5cVrAPaMeSSdM2NskMSUYoQ/EX3Orenbj1W9z6JWbaIlY9cOFwzr3ce08QMaq043xYS8srq2vrmY3s5tb2zm5ub7+hwlhiUschC2UrQIowKkhdU81IK5IE8YCRZjC6TP3mPZGKhuJGjyPiczQQtE8x0kZqdDSKb0+7ubxjn1dKXtGDju04Za9QSolXPvMK0DVKijyYo9bNfXZ6IY45ERozpFTbdSLtJ0hqihmZZDuxIhHCIzQgbUMF4kT5yfTaCTw2Sg/2Q2lKaDhVf04kiCs15oHp5EgP1W8vFf/z2rHuV/yEiijWRODZon7MoA5h+jrsUUmwZmNDEJbU3ArxEEmEtQloYUvAJ9lZKCmK3xH8JQ3Pdgt28drJVy/m8WTAITgCJ8AFZVAFV6AG6gCDO/AInsCz9WC9WK/W26x1yZrPHIAFWO9fBiiV/w==</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>

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

⌧
<latexit sha1_base64="5daJQzuCGMaBrj5rX5+zI2znkWM=">AAAB63icbVC7SgNBFJ2NrxhfUUubwSDEZpnNxmxSGbCxjGAekA1hdjJJhsw+mJkVwpJf0MJCEVv/wspPsPND7N1HEBUPXDiccy/33uMEnEmF0IeWW1ldW9/Ibxa2tnd294r7Bx3ph4LQNvG5L3oOlpQzj7YVU5z2AkGx63DadWYXid+9oUIy37tW84AOXDzx2JgRrBLJVjgcFktIb9QbDasCkV61kFEzYoLMSs00oaGjFKXz1/Ln25192hoW3+2RT0KXeopwLGXfQIEaRFgoRjhdFOxQ0gCTGZ7Qfkw97FI5iNJbF/AkVkZw7Iu4PAVT9edEhF0p564Td7pYTeVfLxH/8/qhGtcHEfOCUFGPZIvGIYfKh8njcMQEJYrPY4KJYPGtkEyxwETF8RSyEFLAjFjVJWkY3yF0Krph6mdXqNSsgQx5cASOQRkYwAJNcAlaoA0ImIJb8AAeNVe7156056w1py1nDsEvaC9fHDWTDQ==</latexit>

u (= Eproduction/Ebeam)
<latexit sha1_base64="3D0BC0APrIhUAMpzY63U3bWblGg="></latexit>

dN
/d

u
[1
/i
n
ci
d
en
t-
e�

]
<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>

⌧
<latexit sha1_base64="5daJQzuCGMaBrj5rX5+zI2znkWM=">AAAB63icbVC7SgNBFJ2NrxhfUUubwSDEZpnNxmxSGbCxjGAekA1hdjJJhsw+mJkVwpJf0MJCEVv/wspPsPND7N1HEBUPXDiccy/33uMEnEmF0IeWW1ldW9/Ibxa2tnd294r7Bx3ph4LQNvG5L3oOlpQzj7YVU5z2AkGx63DadWYXid+9oUIy37tW84AOXDzx2JgRrBLJVjgcFktIb9QbDasCkV61kFEzYoLMSs00oaGjFKXz1/Ln25192hoW3+2RT0KXeopwLGXfQIEaRFgoRjhdFOxQ0gCTGZ7Qfkw97FI5iNJbF/AkVkZw7Iu4PAVT9edEhF0p564Td7pYTeVfLxH/8/qhGtcHEfOCUFGPZIvGIYfKh8njcMQEJYrPY4KJYPGtkEyxwETF8RSyEFLAjFjVJWkY3yF0Krph6mdXqNSsgQx5cASOQRkYwAJNcAlaoA0ImIJb8AAeNVe7156056w1py1nDsEvaC9fHDWTDQ==</latexit>

u (= Eproduction/Ebeam)
<latexit sha1_base64="3D0BC0APrIhUAMpzY63U3bWblGg="></latexit>

D: 7 x 1016 /year
τ : 3 x 1014 /year
B: 4 x 1012 /year

D: 5 x 1017 /year
τ : 2 x 1015 /year
B: 3 x 1014 /year

M.M.Nojiri, YS, K.Tobioka, D.Ueda. 2206.13523

Heavy mesons & Tau leptons

Pythia8
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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>

X

e, μ

e

Nucleon

γ Meson, τ HNL visible
particles

HNL
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visible
particles

X X
Ui

Ue, μ

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

• Beam dump and ILC Collider experiment 
is complementary

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

(direct production)

M.M.Nojiri, YS, K.Tobioka, D.Ueda. 2206.13523

(ntrack � 2)
<latexit sha1_base64="c9uiuI3zAi5S7WNk+lVo3ssIyvM=">AAACDXicbZDLSgMxFIYzXmu9jYorN8Ei1E2ZVop2IwU3LivYC3SGkkkzbWiSGZKMUIY+g8/gVtfuxK3P4NI3MTMdxFp/CPz855ycw+dHjCrtOJ/Wyura+sZmYau4vbO7t28fHHZUGEtM2jhkoez5SBFGBWlrqhnpRZIg7jPS9Sc3ab37QKSiobjX04h4HI0EDShG2kQD+7gsBokrOdQS4ckMuiMCa+cDu+RUnExw2VRzUwK5WgP7yx2GOOZEaMyQUv1GpL0ESU0xI7OiGysSmf/RiPSNFYgT5SXZ9TN4ZpIhDEJpntAwS39PJIgrNeW+6eRIj9XfWhr+V+vHOrjyEiqiWBOB54uCmEEdwhQFHFJJsGZTYxCW1NwK8RgZDtoAW9ji81kxY9JIVf8hsGw6tUr1olK/c0rN65xOAZyAU1AGVXAJmuAWtEAbYJCAJ/AMXqxH69V6s97nrStWPnMEFmR9fAPpR5tF</latexit>

W

mBc
<latexit sha1_base64="+u8T9iXVJtEipQV8CVix/KReXXE=">AAAB/XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mVor1I0YvHCvYD2hA22027dDcJuxuhhOJv8Kpnb+LV3+LRf+ImDWKtDwYe780wM8+LOFPatj+twsrq2vpGcbO0tb2zu1feP+ioMJaEtknIQ9nzsKKcBbStmea0F0mKhcdp15vcpH73gUrFwuBeTyPqCDwKmM8I1kbqCje5dsnMLVfsqp0BLZNaTiqQo+WWvwbDkMSCBppwrFS/EWknwVIzwumsNIgVjTCZ4BHtGxpgQZWTZNfO0IlRhsgPpalAo0z9PZFgodRUeKZTYD1Wf71U/M/rx9q/dBIWRLGmAZkv8mOOdIjS19GQSUo0nxqCiWTmVkTGWGKiTUALWzwxK2WZNFLUfxJYJp2zau28Wr+zK82rPJ0iHMExnEINLqAJt9CCNhCYwBM8w4v1aL1ab9b7vLVg5TOHsADr4xtNPpYw</latexit>

(collider)



ldec

Beam dump
Muon shield

lshldump

rdet
Detector

z
Lead

Concrete

Watere±

ldet
Decay volume (Multi-layer tracker)

rdec

e+

e−

χ

χ
e±

Nucleus

e±

χ

χ

γ*

A′ A′ 

e− e−
A′ 

*

χ χ
A′ 

*
e−

e+

χ2

χ1

Dark matterSimilar to BDX@JLab

10-3 10-2 10-1 100
10-16
10-15
10-14
10-13
10-12
10-11
10-10
10-9
10-8
10-7

mχ [GeV]

y
=
ϵ2
α D

(m
χ
/m

A'
)4

Relic Ta
rget

Belle II (extrapolated)

LDMX

ILC-250 10-year

103

102

10
ILC (recoil)

10-3 10-2 10-1 100
10-16
10-15
10-14
10-13
10-12
10-11
10-10
10-9
10-8
10-7

mχ1 [GeV]

y
=
ϵ2
α D

(m
χ 1
/m

A'
)4

Belle II (extrapolated)

LDMX

Relic Ta
rget

ILC-250 10-year

103

102

10

ILC (recoil)

ILC (decay)

BD
X(

de
ca

y)

K.Asai, S.Iwamoto, M.Perelstein, YS, D.Ueda. 2301.03816

Pseudo-Dirac DM Scalar inelastic DM

(2) Electron recoil(1) Visible decay
Bunched beam is better

(ILC, BDX)
Continuous beam is better

(LDMX)

12

ILC complements dark matter searches using continuous beams.
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Other places

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

See talks @ILCX2021:
  Strong QED with high-power laser, M.E.Peskin.
  Exotic hadron photoproduction, N.Muramatsu.
  ...

• The facility design in this area will be modified for various experimental possibilities.
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Summary

• Beam dumps of a linear collider are used continuously.

• We can utilize the very high-power beam dump without any additional cost.
➡ new particle searches, industrial applications and so on.

• In tuneup dump areas, high-energy bunched electron-positron beams can 
be utilized before the collision point.

• The ILC can accommodate a variety of PBC programs, and the facility 
design is improving to maximize the potential of the programs.

11 m 50~100 m 50~100 m

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

~5 m

Beam dump Muon shield Decay volume / Multi-layer trackers

Irradiation field
n

μ

X



Backup
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The Physics Beyond Colliders (PBC) program aims to leverage the 
infrastructure of accelerator facilities to create new value.

Examples include the Fixed Target and Far Detector experiments, 
which are highly sensitive to light new particles (MeV~10 GeV) that 
feebly couple to Standard Model particles.

The PBC programs complement the collider experiment, in the 
absence of the discovery of heavy new particles at the LHC.

Many studies on PBC in the last decade (e.g., [1], [2]) will have a impact 
on the design of future accelerator facilities.

This talk will focus on the PBC opportunity at the ILC.

Introduction

[1] US Cosmic Visions: New Ideas in Dark Matter 2017: Community Report, (1707.04591).
[2] Physics Beyond Colliders at CERN: Beyond the Standard Model Working Group Report, (1901.09966).

https://arxiv.org/abs/1707.04591
https://arxiv.org/abs/1901.09966
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<latexit sha1_base64="JpphNNgpQ0ZiEORsVzAApBYUyoc="></latexit>

⌫e
<latexit sha1_base64="cCcVSO3Fqj2g0kxPh6K9SFBpytQ=">AAAB+3icbZDLSgMxFIbP1Futt6pLN8EiuCozXqjdFdy4rODUQjuUTJppQ5PMkGSEMvQZ3Oranbj1YVz6JqbTQaz6Q+DjP+dwTv4w4Uwb1/1wSiura+sb5c3K1vbO7l51/6Cj41QR6pOYx6obYk05k9Q3zHDaTRTFIuT0Ppxcz+v3D1RpFss7M01oIPBIsogRbKzl92U6oINqza27udBf8AqoQaH2oPrZH8YkFVQawrHWvWZiggwrwwins0o/1TTBZIJHtGdRYkF1kOW3ztCJdYYoipV90qDc/TmRYaH1VIS2U2Az1r9rc/O/Wi810VWQMZmkhkqyWBSlHJkYzT+OhkxRYvjUAiaK2VsRGWOFibHxLG0JxaySZ9LMhRbQuCig6X1n0jmre+f1y1u31vKKdMpwBMdwCh40oAU30AYfCDB4hCd4dmbOi/PqvC1aS04xcwhLct6/AOwplak=</latexit>

⌫̄e
<latexit sha1_base64="NAW8a8kKgVuEMLCUYLMSKavrgp8=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXJXEC7W7ghuXFewFmlAm00k7dC5hZiKUkJXP4FbX7sStT+LSN3GaBrHqDwMf/zmHc+YPY0a1cd0Pp7Syura+Ud6sbG3v7O5V9w+6WiYKkw6WTKp+iDRhVJCOoYaRfqwI4iEjvXB6Pa/37onSVIo7M4tJwNFY0IhiZKw18EOkUl8k2ZAMqzW37uaCf8EroAYKtYfVT38kccKJMJghrQfN2AQpUoZiRrKKn2gSIzxFYzKwKBAnOkjzizN4Yp0RjKSyTxiYuz8nUsS1nvHQdnJkJvp3bW7+VxskJroKUirixBCBF4uihEEj4fz7cEQVwYbNLCCsqL0V4glSCBsb0tKWkGeVPJNmLriAxkUBTe87k+5Z3TuvX966tZZXpFMGR+AYnAIPNEAL3IA26AAMJHgET+DZeXBenFfnbdFacoqZQ7Ak5/0L2mqYbg==</latexit>

⌫⌧ + ⌫̄⌧
<latexit sha1_base64="0uUEQgSsvEmDcrW96h0qC8McUuc=">AAACEXicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJvFC7K7hxWcFeoAllMp20QyeTMBehhOBD+Axude1O3PoELn0Tp2kQq/4w8M1/zuHM/EHCqFSO82EtLC4tr6yW1srrG5tb2/bOblvGWmDSwjGLRTdAkjDKSUtRxUg3EQRFASOdYHw1rXfuiJA05rdqkhA/QkNOQ4qRMlbf3ve47nsKaXgCvQCJ1Nyz3OjbFafq5IJ/wS2gAgo1+/anN4ixjghXmCEpe/VE+SkSimJGsrKnJUkQHqMh6RnkKCLST/MfZPDIOAMYxsIcrmDu/pxIUSTlJApMZ4TUSP6uTc3/aj2twks/pTzRinA8WxRqBlUMp3HAARUEKzYxgLCg5q0Qj5BAWJnQ5rYEUVbOM6nngjOonRdQd78zaZ9W3bPqxY1TabhFOiVwAA7BMXBBDTTANWiCFsDgHjyCJ/BsPVgv1qv1NmtdsIqZPTAn6/0LeoieGw==</latexit>

⌫µ
<latexit sha1_base64="BDDykDZI6NtaqXNHSA/5nAo0w+Q=">AAAB/XicbZDLSgMxFIbP1Futt6pLN8EiuCozXqjdFdy4rGAv0BlKJk3b0CQzJBmhDMVncKtrd+LWZ3Hpm5hOB7HqD4GP/5zDOfnDmDNtXPfDKaysrq1vFDdLW9s7u3vl/YO2jhJFaItEPFLdEGvKmaQtwwyn3VhRLEJOO+Hkel7v3FOlWSTvzDSmgcAjyYaMYGOtji+Tvi+SfrniVt1M6C94OVQgV7Nf/vQHEUkElYZwrHWvHpsgxcowwums5CeaxphM8Ij2LEosqA7S7NoZOrHOAA0jZZ80KHN/TqRYaD0Voe0U2Iz179rc/K/WS8zwKkiZjBNDJVksGiYcmQjNv44GTFFi+NQCJorZWxEZY4WJsQEtbQnFrJRlUs+EFlC7yKHufWfSPqt659XLW7fS8PJ0inAEx3AKHtSgATfQhBYQmMAjPMGz8+C8OK/O26K14OQzh7Ak5/0LkDuWlg==</latexit>

⌫̄µ
<latexit sha1_base64="drfysZJGoM9mP2O1UcNvCIWaxpU=">AAACA3icbZDLSsNAFIYnXmu9VV26GSyCq5J4oXZXcOOygr1AE8pkOmmHzkziXIQSsvQZ3Oranbj1QVz6Jk7TIFb94cDHf87hHP4wYVRp1/1wlpZXVtfWSxvlza3tnd3K3n5HxUZi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji5mvW790QqGotbPU1IwNFI0IhipK0V+CGSqS9MNvC5GVSqbs3NBf+CV0AVFGoNKp/+MMaGE6ExQ0r1G4kOUiQ1xYxkZd8okiA8QSPStygQJypI858zeGydIYxiaUtomLs/N1LElZry0E5ypMfqd29m/tfrGx1dBikVidFE4PmhyDCoYzgLAA6pJFizqQWEJbW/QjxGEmFtY1q4EvKsnGfSyAXnUD8voOF9Z9I5rXlntYsbt9r0inRK4BAcgRPggTpogmvQAm2AwR14BE/g2XlwXpxX520+uuQUOwdgQc77F4OmmVs=</latexit>

Ebeam = 125GeV
<latexit sha1_base64="BuiO8MAjOdbhoQ1RS+D6PCqaIMk=">AAACE3icbVDNSgMxGMzWv1r/Vj32EiyCBym71VJ7EAoieqxgf6C7lGyatqHJ7pJkhbLswYfwGbzq2Zt49QE8+iam20WsOhCYzHzDl4wXMiqVZX0YuaXlldW1/HphY3Nre8fc3WvLIBKYtHDAAtH1kCSM+qSlqGKkGwqCuMdIx5tczPzOHRGSBv6tmobE5Wjk0yHFSGmpbxYv+7EjOPR0Jjm3K1XnOL1fkXbSN0tW2UoB/xI7IyWQodk3P51BgCNOfIUZkrJXD5UbI6EoZiQpOJEkIcITNCI9TX3EiXTj9A8JPNTKAA4DoY+vYKr+TMSISznlnp7kSI3lb28m/uf1IjU8c2Pqh5EiPp4vGkYMqgDOCoEDKghWbKoJwoLqt0I8RgJhpWtb2OLxpJB2Uk8B56R2mpG6/d1Ju1K2T8rVG6vUsLN28qAIDsARsEENNMA1aIIWwOAePIIn8Gw8GC/Gq/E2H80ZWWYfLMB4/wJuy53x</latexit>

10�8

10�9

10�10

10�11

10�12

10�13

10�14

10�15

10�16

10�17
<latexit sha1_base64="B2qWghVivy1BTBr1yVdMT4h5FrI="></latexit>

10�3 10�2 10�1 100 101 102
<latexit sha1_base64="gQgSTOy5qeDSLlgpxF6xt9k6Nu8="></latexit>

Neutrino energy [GeV]
<latexit sha1_base64="wc6gIPEOee17XNzbzanoi3fp1F4=">AAACDXicbZDLSsNAFIYn9VbrLSqu3AwWwVVJqlK7K7jQlVSwF0hDmUxP2qGTSZiZCCX0GXwGt7p2J259Bpe+iWkaxKo/HPj4zzmcw+9FnCltWR9GYWl5ZXWtuF7a2Nza3jF399oqjCWFFg15KLseUcCZgJZmmkM3kkACj0PHG1/O+p17kIqF4k5PInADMhTMZ5To1OqbBzcQa8lEiEGAHE6wcwVtt2+WrYqVCf8FO4cyytXsm5+9QUjjAISmnCjl1CPtJkRqRjlMS71YQUTomAzBSVGQAJSbZN9P8XHqDLAfyrSExpn7cyMhgVKTwEsnA6JH6ndvZv7Xc2LtX7gJE1GsQdD5IT/mWId4FgUeMAlU80kKhEqW/orpiEhCdRrYwhUvmJayTOqZ8BxqZznU7e9M2tWKfVo5v62WG3aeThEdoiN0gmxUQw10jZqohShK0CN6Qs/Gg/FivBpv89GCke/sowUZ7180E5xR</latexit>

At the end of muon shield
<latexit sha1_base64="WMzQ/DZYc1TbKZubSvcCX5U7ZnE=">AAACEXicbZDLSgNBEEV7fMb4iroSN41BcBWSGInZRdy4jGBUiCH09NSYJv0YumuEEIIf4Te41bU7cesXuPRPnEwG8XWh4XCriqq+fiSFw3L53ZuZnZtfWMwt5ZdXVtfWCxubF87ElkObG2nslc8cSKGhjQIlXEUWmPIlXPqDk0n98hasE0af4zCCrmI3WoSCM0ysXmH7GCn2gYIOqAmpio2mri9ABr1CsVwqp6J/oZJBkWRq9Qof14HhsQKNXDLnOo0IuyNmUXAJ4/x17CBifMBuoJOgZgpcd5T+YEz3EiegobHJ00hT9/vEiCnnhspPOhXDvvtdm5j/1ToxhkfdkdBRjKD5dFEYS4qGTuKggbDAUQ4TYNyK5FbK+8wyjkloP7b4apxPM2mkolOo1zJoVL4yuaiWKgelw7NqsVnL0smRHbJL9kmF1EmTnJIWaRNO7sgDeSRP3r337L14r9PWGS+b2SI/5L19AnRjnX4=</latexit>

11 m ~80 m 50~100 m

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

Beam dump Muon shield Decay volume / Multi-layer trackers

Calorimeter

The neutrinos hit:
• the end of the muon shield
• the wall surrounding the decay volume
• the detector

The cosmic-ray BG is negrigible due to:
• the deep underground location
• timing coincidence with the bunched beams

⌫
<latexit sha1_base64="fNDauiMJhyHIetCSMInAL1I+TPc=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSapbequ4MZlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aIrwMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Cr3u/dUKhaLOz1LqB/hsWAhI1gb6XYg0mG5guzLRt2tuRDZCHlutZ4T17twq9AxSo4KWKE1LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4n9dPddjwMyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTmkZQo7a18t/Sce1napdu0GVpreKowhOwCk4Bw7wQBNcgxZoAwLG4AE8gWeLW4/Wi/W6bC1Yq5lj8APW2yfWNY5E</latexit>

⌫
<latexit sha1_base64="fNDauiMJhyHIetCSMInAL1I+TPc=">AAAB6nicbVDLSsNAFJ3UV62vqks3g0VwFSapbequ4MZlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aIrwMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Cr3u/dUKhaLOz1LqB/hsWAhI1gb6XYg0mG5guzLRt2tuRDZCHlutZ4T17twq9AxSo4KWKE1LL8PRjFJIyo04VipvoMS7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPFqXN4ZpQRDGNpSmi4UL9PZDhSahYFpjPCeqJ+e7n4n9dPddjwMyaSVFNBlovClEMdw/xvOGKSEs1nhmAimbkVkgmWmGiTTmkZQo7a18t/Sce1napdu0GVpreKowhOwCk4Bw7wQBNcgxZoAwLG4AE8gWeLW4/Wi/W6bC1Yq5lj8APW2yfWNY5E</latexit>

Details of BG study by SHiP Collaboration
→ arXiv: 1310.1762, 1504.04956

K0
L

<latexit sha1_base64="P3VaIvcDIwJBY4KoG0xmcLq8vqs=">AAAB+3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mVor1IwYughwqmLbSxbLabdunuJuxuhFLyG7zq2Zt49cd49J+YpEGs+mDg8d4MM/O8kDNtbPvDKiwtr6yuFddLG5tb2zvl3b22DiJFqEMCHqiuhzXlTFLHMMNpN1QUC4/Tjje5TP3OA1WaBfLOTEPqCjySzGcEm0Ryru/twc2gXLGrdgb0l9RyUoEcrUH5sz8MSCSoNIRjrXuN0LgzrAwjnMalfqRpiMkEj2gvoRILqt1ZdmuMjhJliPxAJSUNytSfEzMstJ4KL+kU2Iz1by8V//N6kfHP3RmTYWSoJPNFfsSRCVD6OBoyRYnh04RgolhyKyJjrDAxSTwLWzwRl7JMGinq3wn8Je2Tau20Wr+1K82LPJ0iHMAhHEMNzqAJV9ACBwgweIQneLZi68V6td7mrQUrn9mHBVjvX//WlNg=</latexit>

A study on the e + N → νe + X process in the (polarized) 
electron-positron beam dump is onging.
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Background

Beam dump
(11 m)

Muon shield
(50-70 m)

Decay volume & Multi-layer trackers
(50 m)

e±
<latexit sha1_base64="ZFPuSt53O3SMjXMyPRAXwkCaG8I=">AAACBHicbZDLSsNAFIZPvNZ6q7p0M1gEVyXxQu1GCm5cVrAXaGOZTCft0JlJnJkIJWTrK7jVvTtx63u49UlM0yBW/eHAx3/O4Rx+L+RMG9v+sBYWl5ZXVgtrxfWNza3t0s5uSweRIrRJAh6ojoc15UzSpmGG006oKBYep21vfDntt++p0iyQN2YSUlfgoWQ+I9iklhv3lEA0uY17oUj6pbJdsTOhv+DkUIZcjX7pszcISCSoNIRjrbuOHRo3xsowwmlS7EWahpiM8ZB2U5RYUO3G2dMJOkydAfIDlZY0KHN/bsRYaD0RXjopsBnp372p+V+vGxn/3I2ZDCNDJZkd8iOOTICmCaABU5QYPkkBE8XSXxEZYYWJSXOau+KJpJiFUsuEZlA9zaHmfIfSOq44J5Wza7tcv8jjKcA+HMAROFCFOlxBA5pA4A4e4QmerQfrxXq13majC1a+swdzst6/AMRWmXg=</latexit> ⌫

<latexit sha1_base64="5UfVzxY2AS92qd4sI4CBwcrvgRQ=">AAAB+nicbZDLSgMxFIbP1Futt6pLN8EiuCozXqjdSMGNy4r2Au1QMmmmDU0yQ5IRSu0juNW9O3Hry7j1SUyng1j1h8DHf87hnPxBzJk2rvvh5JaWV1bX8uuFjc2t7Z3i7l5TR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB0Nau37qnSLJJ3ZhxTX+CBZCEj2FjrtiuTXrHklt1U6C94GZQgU71X/Oz2I5IIKg3hWOuO58bGn2BlGOF0WugmmsaYjPCAdixKLKj2J+mpU3RknT4KI2WfNCh1f05MsNB6LALbKbAZ6t+1mflfrZOY8MKfMBknhkoyXxQmHJkIzf6N+kxRYvjYAiaK2VsRGWKFibHpLGwJxLSQhlJNheZQOcug6n2H0jwpe6fl8xu3VLvM4snDARzCMXhQgRpcQx0aQGAAj/AEz86D8+K8Om/z1pyTzezDgpz3L9eFlQw=</latexit> K0
L,S

<latexit sha1_base64="ZbTe8sy21shfpskZQWEVAtYjhIk=">AAACAHicbZDLSgMxFIYz9VbrrerSTbAILqTMeKF2IwU3gi4q2lppx5JJM21okhmSjFCG2fgKbnXvTtz6Jm59EtPpIFb9IfDxn3M4J78XMqq0bX9YuZnZufmF/GJhaXllda24vtFUQSQxaeCABbLlIUUYFaShqWakFUqCuMfIjTc8Hddv7olUNBDXehQSl6O+oD7FSBvr9vzO7sYXe1dJt1iyy3Yq+BecDEogU71b/Oz0AhxxIjRmSKm2Y4fajZHUFDOSFDqRIiHCQ9QnbYMCcaLcOD04gTvG6UE/kOYJDVP350SMuFIj7plOjvRA/a6Nzf9q7Uj7x25MRRhpIvBkkR8xqAM4/j3sUUmwZiMDCEtqboV4gCTC2mQ0tcXjSSENpZoKTqBymEHV+Q6luV92DspHl3apdpLFkwdbYBvsAgdUQA2cgTpoAAw4eARP4Nl6sF6sV+tt0pqzsplNMCXr/Qt8mZcE</latexit>

�2 tracks
<latexit sha1_base64="WPyKvUZUoVUNkrFriDahIJR9gLM="></latexit>

In the SHiP’s study, the following cuts/veto are imposed:

✓ (1) Decays into charged particles inside decay volume
✓ (2) two tracks of opposite charge (x 10-3)
✓ (3) simple topology cuts (x 6*10-3)
✓ (4) veto system of SHiP (x 10-4)
➡  ~ Zero Background

We assume 5 (20) BG at ILC-250(-1000) GeV with the conditions other than (4)

Neutrinos hit the edge of muon shield

~20 cm
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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

Figure From F. Dietrich et.al, 1902.07744

From Kaoru Yokoya

~1024 photon/year.  E~10 MeV 

Photon beam dump

Optical vortex
m: orbital angular momentum

From Wikipedia
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'<latexit sha1_base64="CaPtR+oivmhHDo6h6p3eIxOrXTo=">AAAB/XicbZDLSgMxFIYz9VbrrerSTbAIrsqMVWo3WnDjsoK9QDuUTHqmjU1mxiQjlFJ8Bbe6dydufQCfwq1PYjpTxKo/BD7+cw7n5PcizpS27Q8rs7C4tLySXc2trW9sbuW3dxoqjCWFOg15KFseUcBZAHXNNIdWJIEIj0PTG15M6807kIqFwbUeReAK0g+YzyjRxmp0FBNw280X7KKdCP8FZwaF8/dSolo3/9nphTQWEGjKiVJtx460OyZSM8phkuvECiJCh6QPbYMBEaDccXLtBB8Yp4f9UJoXaJy4PyfGRCg1Ep7pFEQP1O/a1Pyv1o61f+qOWRDFGgKaLvJjjnWIp1/HPSaBaj4yQKhk5lZMB0QSqk1Ac1s8MckloVQS4RTKxzOoON+hNI6KTql4cmUXqmcoVRbtoX10iBxURlV0iWqojii6QQ/oET1Z99az9WK9pq0Zazazi+ZkvX0BWjWYmg==</latexit>

• Material of the same weight as the ILC beam dump is piled up on the ground.

From theconversation.com

Primary cosmic rays

~10 m

Primary beams

(= 10.3 m water pressure)

ILC beam dumps may provide atmospheric-like radiation fields

Primary proton spectrum (E >1GeV)
= 1/EP  (P = 1 to 2.7) Shower photon spectrum

= 1/E2

1,013 hPa

https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
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https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
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https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
https://theconversation.com/an-extragalactic-mystery-where-do-high-energy-cosmic-rays-come-from-6623
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Atmospheric-like radiation field is needed for soft error studies

• Irradiation fields that provide high-intensity, large-area, and 
atmospheric-like spectra are favored.

Neutrons and muons at ILC beam dump
have atmospheric-like spectra?

Transistor size smaller

Error rate increase!

Atmospheric
Neutrons & Muons

Hit & Error

Our life depends on integrated systems

• Soft error is a temporary malfunction of transistor, 
mainly caused by atmospheric neutrons and muons.

e.g., self-driving car

See talk of M. Hashimoto @ ILCX2021
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E [MeV]
<latexit sha1_base64="ayLwhrj6sRxEwWWboIZayWsmnCo=">AAAB8HicbZDLSsNAFIZPvNZ6q7p0M9gK4qIkVandFURwI1SwF0lDmUyn7dCZJMxMhBL6FG5cKOLWx3Hn2zhNg3j7YeDjP+dwzvx+xJnStv1hLSwuLa+s5tby6xubW9uFnd2WCmNJaJOEPJQdHyvKWUCbmmlOO5GkWPictv3xxazevqdSsTC41ZOIegIPAzZgBGtj3ZUuS8i9pi2vVyjaZTsV+gtOBkXI1OgV3rv9kMSCBppwrJTr2JH2Eiw1I5xO891Y0QiTMR5S12CABVVekh48RYfG6aNBKM0LNErd7xMJFkpNhG86BdYj9bs2M/+rubEenHsJC6JY04DMFw1ijnSIZr9HfSYp0XxiABPJzK2IjLDERJuM8mkItVRoDtXTDGrOVwitStk5KZ/dVIr14yyOHOzDARyBA1WowxU0oAkEBDzAEzxb0nq0XqzXeeuClc3swQ9Zb59FgI++</latexit>
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<latexit sha1_base64="lyj+vUmAOm4fBEUMBQeDDAYB0fQ=">AAACCnicbZBNS8MwHMbT+TbnW9Wjl+gqiIetncrcbSCCxwluDrpa0jTbwtKmJKkwys5e/CpePCji1U/gzW9j1xXx7YHAj+f5/0nyeBGjUpnmh1aYm19YXCoul1ZW19Y39M2tjuSxwKSNOeOi6yFJGA1JW1HFSDcSBAUeI9fe6GyaX98SISkPr9Q4Ik6ABiHtU4xUarn6rm/0oiE1qj7jA8NNLHNybkDbquLAuKkZVem4etmsmJngX7ByKINcLVd/7/kcxwEJFWZIStsyI+UkSCiKGZmUerEkEcIjNCB2iiEKiHSS7CsTuJ86PuxzkZ5Qwcz9vpGgQMpx4KWTAVJD+Tubmv9ldqz6p05CwyhWJMSzi/oxg4rDaS/Qp4JgxcYpICxo+laIh0ggrNL2SlkJjUxwBvXjHBrWVwmdWsU6qpxc1srNw7yOItgBe+AAWKAOmuACtEAbYHAHHsATeNbutUftRXudjRa0fGcb/JD29gko1ZhX</latexit>

z-range
<latexit sha1_base64="P+CNzrMuwSO0J0pTHHd9OpiGkrY="></latexit>

0

0.5

1
<latexit sha1_base64="OMWZbQXh35RpnRGMisZhJW1X1Q8="></latexit>

6 - 7m
<latexit sha1_base64="u82LZJYjiFz8NUBXrtm1qnBRYZc=">AAAB/nicbZA7SwNBFIVnfcb4ihErm8EgWGjY9RVTGbCxjGASIRvC7GSSDJnZXWbuimFJ8FdYa5NCCbb+Djv/hY29m00QXwcGPs65l7kcxxdcg2m+GVPTM7Nz84mF5OLS8spqai1d1l6gKCtRT3jqyiGaCe6yEnAQ7MpXjEhHsIrTORvllWumNPfcS+j6rCZJy+VNTglEVj21cdy3gd1AuNfr5+zd0FYSy149lTGzZiz8F6wJZE7fP4Z3g/t0sZ56tRseDSRzgQqiddUyfaiFRAGngvWSdqCZT2iHtFg1QpdIpmthfH4Pb0dOAzc9FT0XcOx+3wiJ1LornWhSEmjr39nI/C+rBtA8qYXc9QNgLh1/1AwEBg+PusANrhgF0Y2AUMWjWzFtE0UoRI0l4xLysfAYcocTyFtfJZT3s9ZB9ujCzBR20FgJtIm20A6yUA4V0DkqohKiKEQP6BE9GbfGwBgaz+PRKWOys45+yHj5BIxSmqw=</latexit>

(Cosmic ray neutron)⇥
�
3⇥ 1010

�
<latexit sha1_base64="qAhQve/0nHTEToEikosOkgCkClM="></latexit>

e� Beam : 125GeV, 2.6MW
<latexit sha1_base64="/0qAc+aqEaTOtnfFF3evOAeYTrA="></latexit>

Neutron
<latexit sha1_base64="LpqfyphRsCkmJHSjHdtBf19vGcY=">AAAB9HicbZBLSwMxFIUz9VXrqz52boJFcFVmfFC7suBCV1LBPqAdSibNtKGZZEwyhTr0d7hxoYjbrvwl7lz6T0xnivg6EPg4515yOV7IqNK2/W5l5uYXFpeyy7mV1bX1jfzmVl2JSGJSw4IJ2fSQIoxyUtNUM9IMJUGBx0jDG5xP88aQSEUFv9GjkLgB6nHqU4y0sdy47fnwikRaCj7u5At20U4E/4Izg8LZ693HxWQnrnbyb+2uwFFAuMYMKdVy7FC7MZKaYkbGuXakSIjwAPVIyyBHAVFunBw9hvvG6UJfSPO4hon7fSNGgVKjwDOTAdJ99Tubmv9lrUj7p25MeRhpwnH6kR8xqAWcNgC7VBKs2cgAwpKaWyHuI4mwNj3lkhLKiWAKpeMZlJ2vEuqHReeoeHJtFyo2SJUFu2APHAAHlEAFXIIqqAEMbsE9eARP1tB6sJ6tl3Q0Y812tsEPWZNPN02Wdg==</latexit>

[m]
<latexit sha1_base64="GGT9dkvFyiH+mlLAP9z5XGo/MGw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCoztVK7K7hxWdHawnQomTTThiaZIckIpfQR3LhQxK1P5M63MZ0O4u2HwMd/zuGc/GHCmTau++EUVlbX1jeKm6Wt7Z3dvfL+wZ2OU0Voh8Q8Vr0Qa8qZpB3DDKe9RFEsQk674eRyUe/eU6VZLG/NNKGBwCPJIkawsdaNL4JBueJW3UzoL3g5VCBXe1B+7w9jkgoqDeFYa99zExPMsDKMcDov9VNNE0wmeER9ixILqoNZduocnVhniKJY2ScNytzvEzMstJ6K0HYKbMb6d21h/lfzUxNdBDMmk9RQSZaLopQjE6PFv9GQKUoMn1rARDF7KyJjrDAxNp1SFkIzE1pCo55D0/sK4a5W9c6q59e1Squex1GEIziGU/CgAS24gjZ0gMAIHuAJnh3uPDovzuuyteDkM4fwQ87bJ3LcjkQ=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

File = geometry2.out [t-track] in xyz mesh Date = 10:32 02-May-202

calculated by PHITS 3.25 plotted by ANGEL 4.5
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  emin  =   1.0000E+01 [MeV]
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10
<latexit sha1_base64="01xx2bGRriEv8ZvqERtakMZP7cw=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o3rDMoVx3Yyob/gLqBy8VbN1ByU3/vDiCQhFZpwrFTPdWLtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbpDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfo4NxLmYgTTQXJFwUJRzpC82+jIZOUaD41gIlk5lZExlhiok04pSyEeiaUQ+10AXX3K4T2ie1W7bNrp9KwIVcRDuAQjsGFGjTgCprQAgIB3MMjPFkT68F6tl7y1oK1mNmHH7JePwEEgI+S</latexit>

15
<latexit sha1_base64="bdlBpeEoS/5paBAtr80q19VcIJs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJWmpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o1bHZQrju1kQn/BXUDl4u00U3NQfu8PI5KEVGjCsVI914m1l2KpGeF0VuonisaYTPCI9gwKHFLlpdmlM3RknCEKImme0Chzv0+kOFRqGvqmM8R6rH7X5uZ/tV6ig3MvZSJONBUkXxQkHOkIzb+NhkxSovnUACaSmVsRGWOJiTbhlLIQ6plQDrWzBdTdrxDaJ7Z7alevnUrDhlxFOIBDOAYXatCAK2hCCwgEcA+P8GRNrAfr2XrJWwvWYmYffsh6/QQMFI+X</latexit>

20
<latexit sha1_base64="tWkqD6riREOFwffSO6nGezCftgQ=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhxWcXaQhvKZDpph04mYWYilNA3cONCEbc+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nwyosLa+srhXXSxubW9s75d29WxUlktA2iXgkuz5WlDNB25ppTruxpDj0Oe34k4t5vXNHpWKRuNHTmHohHgkWMIK1sa6rzqBccWwnE/oL7gIq52+1TK1B+b0/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jMocEiVl2aXztCRcYYoiKR5QqPM/T6R4lCpaeibzhDrsfpdm5v/1XqJDs68lIk40VSQfFGQcKQjNP82GjJJieZTA5hIZm5FZIwlJtqEU8pCaGRCOdRPFtBwv0K4rdpuzT69cipNG3IV4QAO4RhcqEMTLqEFbSAQwD08wpM1sR6sZ+slby1Yi5l9+CHr9RMGBY+T</latexit>0

<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

5
<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>

2
<latexit sha1_base64="jgfiuuxSmDxZYlTNMgkQFziu86Q=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhx2YK9QBvKZDppx04mYWYilNAncONCEbe+gm/izrdxmhbx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydW83rmjUrFI3OhpTL0QjwQLGMHaWM3yoFhybCcT+gvuEkqXb5VMjUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaMyhwSJWXZofO0IlxhiiIpHlCo8z9PpHiUKlp6JvOEOux+l2bm//VeokOLryUiTjRVJDFoiDhSEdo/ms0ZJISzacGMJHM3IrIGEtMtMmmkIVQy4QWUD1bQs39CqFdtt2Kfd50SnUbFsrDERzDKbhQhTpcQwNaQIDCPTzCk3VrPVjP1suiNWctZw7hh6zXT5ggj1k=</latexit>

4
<latexit sha1_base64="d1brec5qrnUYkOZMLGRjXuH5GhQ=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJrdSuLLhx2YK9QBvKZDppx04mYWYilNIncONCEbe+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydWi3rmjUrFI3OhpTL0QjwQLGMHaWM3KoFhybCcV+gvuEkqXb+VUjUHxvT+MSBJSoQnHSvVcJ9beDEvNCKfzQj9RNMZkgke0Z1DgkCpvlh46RyfGGaIgkuYJjVL3+8QMh0pNQ990hliP1e/awvyv1kt0cOHNmIgTTQXJFgUJRzpCi1+jIZOUaD41gIlk5lZExlhiok02hTSEWiqUQbWyhJr7FUL7zHbL9nnTKdVtyJSHIziGU3ChCnW4hga0gACFe3iEJ+vWerCerZesNWctZw7hh6zXT5soj1s=</latexit>

�2
<latexit sha1_base64="u2WGLHauzYnaPRDOIM1Jgca86u0=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgxJq9S6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UalXKFqmlQr9BXsGxfOP8t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqBzPoGp/hdAsmXbZPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3DVkKI=</latexit>

0
<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

6
<latexit sha1_base64="crtZX9uJAj+EgsTXLwpVIQzrwbc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWtXFty4bMFeoA1lMp20YyeTMDMRSukTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYeWWlldW1/LrhY3Nre2d4u5eS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Gpeb99RqVgkbvQkpl6Ih4IFjGBtrMZ5v1hybCcV+gvuAkqXb+VU9X7xvTeISBJSoQnHSnVdJ9beFEvNCKezQi9RNMZkjIe0a1DgkCpvmh46Q0fGGaAgkuYJjVL3+8QUh0pNQt90hliP1O/a3Pyv1k10cOFNmYgTTQXJFgUJRzpC81+jAZOUaD4xgIlk5lZERlhiok02hTSEaiqUQeV0AVX3K4TWie2W7bOGU6rZkCkPB3AIx+BCBWpwDXVoAgEK9/AIT9at9WA9Wy9Za85azOzDD1mvn54wj10=</latexit>

x
[m

]
<latexit sha1_base64="2UKbwCia7f8XH7XJSeoIwoQgSFc=">AAAB9HicbZBLSwMxFIUzPmt9VV26CbaCq2GmKrW7ghuXFewDpkPJpJk2NMmMSaZYhvo33LhQxK0/xp3/xnQ6iK8DgY9z7iWXE8SMKu04H9bS8srq2npho7i5tb2zW9rbb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjC/neWdCpKKRuNHTmPgcDQUNKUbaWH7lrnLvpT3JIZ/5/VLZsZ1M8C+4OZRBrma/9N4bRDjhRGjMkFKe68TaT5HUFDMyK/YSRWKEx2hIPIMCcaL8NDt6Bo+NM4BhJM0TGmbu940UcaWmPDCTHOmR+p3Nzf8yL9HhhZ9SESeaCLz4KEwY1BGcNwAHVBKs2dQAwpKaWyEeIYmwNj0VsxLqmeACamc51N2vEtpV2z21z6+r5Yad11EAh+AInAAX1EADXIEmaAEMbsEDeALP1sR6tF6s18XokpXvHIAfst4+AWQykjM=</latexit>

(Concrete)
<latexit sha1_base64="tvunLhkOSyuFDIUEG6PAa4fQihE=">AAAB+nicbZDLSgMxFIYz9V5vVZeCBItQXZQZL6i7QjcuFawKbSmZ9LQNzWSG5Ixaxi59DDcuFHHrwudw5zP4EqbTIt5+CHz8/znk8PuRFAZd993JjI1PTE5Nz2Rn5+YXFnNLy2cmjDWHCg9lqC98ZkAKBRUUKOEi0sACX8K53y0P8vNL0EaE6hR7EdQD1laiJThDazVySzWEa0wK5VBxDQib/UYu7xbdVPQveCPIl7K3a68nH7fHjdxbrRnyOACFXDJjqp4bYT1hGgWX0M/WYgMR413WhqpFxQIw9SQ9vU83rNOkrVDbp5Cm7veNhAXG9ALfTgYMO+Z3NjD/y6oxtg7qiVBRjKD48KNWLCmGdNADbQoNHGXPAuNa2Fsp7zDNONq2smkJh6noEPZ3R3DofZVwtl30dop7J7aNLTLUNFkl66RAPLJPSuSIHJMK4eSK3JEH8ujcOPfOk/M8HM04o50V8kPOyyf7iJfT</latexit>

3m
<latexit sha1_base64="spuKTIXE7q69fH/vqDM3lLFPw0o=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAoFaTMWKV2ZcGNywq2FTtDyaRpG5pkhiQjlKHP4MaNC0Xc6lP4CO58EPemM0W8/RD4+M85nJPfDxlV2rbfrczM7Nz8QnYxt7S8srqWX99oqiCSmDRwwAJ56SNFGBWkoalm5DKUBHGfkZY/PJ3UW9dEKhqICz0KicdRX9AexUgb66rs7seu5JCPO/mCXbITwb/gTKFw8lL8eL1x9+qd/JvbDXDEidCYIaXajh1qL0ZSU8zIOOdGioQID1GftA0KxIny4uTiMdwxThf2Amme0DBxv0/EiCs14r7p5EgP1O/axPyv1o5079iLqQgjTQROF/UiBnUAJ9+HXSoJ1mxkAGFJza0QD5BEWJuQckkI1UQwhcrhFKrOVwjNg5JTLh2d24XaLkiVBVtgGxSBAyqgBs5AHTQABgLcgnvwYCnrznq0ntLWjDWd2QQ/ZD1/Aj1vlK4=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

• Atmospheric-like neutrons are obtained. (consistent up to a few GeV!)
➡ High-energy tail behavior slightly depends on z-range
➡ Especially consistent at z=6-7m (~30 degrees)

~30°

E [MeV]
<latexit sha1_base64="ayLwhrj6sRxEwWWboIZayWsmnCo=">AAAB8HicbZDLSsNAFIZPvNZ6q7p0M9gK4qIkVandFURwI1SwF0lDmUyn7dCZJMxMhBL6FG5cKOLWx3Hn2zhNg3j7YeDjP+dwzvx+xJnStv1hLSwuLa+s5tby6xubW9uFnd2WCmNJaJOEPJQdHyvKWUCbmmlOO5GkWPictv3xxazevqdSsTC41ZOIegIPAzZgBGtj3ZUuS8i9pi2vVyjaZTsV+gtOBkXI1OgV3rv9kMSCBppwrJTr2JH2Eiw1I5xO891Y0QiTMR5S12CABVVekh48RYfG6aNBKM0LNErd7xMJFkpNhG86BdYj9bs2M/+rubEenHsJC6JY04DMFw1ijnSIZr9HfSYp0XxiABPJzK2IjLDERJuM8mkItVRoDtXTDGrOVwitStk5KZ/dVIr14yyOHOzDARyBA1WowxU0oAkEBDzAEzxb0nq0XqzXeeuClc3swQ9Zb59FgI++</latexit>

z-range
<latexit sha1_base64="P+CNzrMuwSO0J0pTHHd9OpiGkrY="></latexit>

4 - 5m
6 - 7m
8 - 9m
10 - 11m

<latexit sha1_base64="HVWHFEdTfrsw6BeUiKwpE/836wo="></latexit>

T = 0.5 m
<latexit sha1_base64="EDuD4hvjpbjUqAgggx4i5NEKpW0=">AAACBnicbZDLSgMxFIYzXmu9jboUIVgEV2VGW2oXYsGNywq9QVtKJk3b0MyF5IxYhrpx4yvoG7hxoYi48xnc+TZmpkW8/RDy8Z9zyMnvBIIrsKwPY2Z2bn5hMbWUXl5ZXVs3NzZryg8lZVXqC182HKKY4B6rAgfBGoFkxHUEqzvD07hev2BScd+rwChgbZf0Pd7jlIC2OuZOy/FFV41cfUWVMT7GVjZ/1QJ2CZE77pgZK2slwn/BnkLm5PU21l25Y763uj4NXeYBFUSppm0F0I6IBE4FG6dboWIBoUPSZ02NHnGZakfJN8Z4Tztd3POlPh7gxP0+ERFXxZvqTpfAQP2uxeZ/tWYIvaN2xL0gBObRyUO9UGDwcZwJ7nLJKIiRBkIl17tiOiCSUNDJpZMQionwBAq5KRTtrxBqB1n7MJs/tzKlHJoohbbRLtpHNiqgEjpDZVRFFF2je/SInowb48F4Nl4mrTPGdGYL/ZDx9glFLp3U</latexit>

Neutron
<latexit sha1_base64="LpqfyphRsCkmJHSjHdtBf19vGcY=">AAAB9HicbZBLSwMxFIUz9VXrqz52boJFcFVmfFC7suBCV1LBPqAdSibNtKGZZEwyhTr0d7hxoYjbrvwl7lz6T0xnivg6EPg4515yOV7IqNK2/W5l5uYXFpeyy7mV1bX1jfzmVl2JSGJSw4IJ2fSQIoxyUtNUM9IMJUGBx0jDG5xP88aQSEUFv9GjkLgB6nHqU4y0sdy47fnwikRaCj7u5At20U4E/4Izg8LZ693HxWQnrnbyb+2uwFFAuMYMKdVy7FC7MZKaYkbGuXakSIjwAPVIyyBHAVFunBw9hvvG6UJfSPO4hon7fSNGgVKjwDOTAdJ99Tubmv9lrUj7p25MeRhpwnH6kR8xqAWcNgC7VBKs2cgAwpKaWyHuI4mwNj3lkhLKiWAKpeMZlJ2vEuqHReeoeHJtFyo2SJUFu2APHAAHlEAFXIIqqAEMbsE9eARP1tB6sJ6tl3Q0Y812tsEPWZNPN02Wdg==</latexit>

N
or

m
al

iz
ed

 d
is

tri
bu

tio
n 

[1
 / c

m
2 
/ s

]

Beam axis
<latexit sha1_base64="IcXJksrIkL6iuW/na6moxUwGsPs=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQFyVVirorunFZwT6gDWUynbRDJ5Mwc1NaQv/EjQtF3Pon7vwbJ2kQtR4YOJxzD/fO8SLBNTjOp1VYWV1b3yhulra2d3b37P2Dlg5jRVmThiJUHY9oJrhkTeAgWCdSjASeYG1vfJv67QlTmofyAWYRcwMylNznlICR+rbdAzaF5MZEMJlyPe/bZafiZMDLpJqTMsrR6NsfvUFI44BJoIJo3a06EbgJUcCpYPNSL9YsInRMhqxrqCQB026SXT7HJ0YZYD9U5knAmfozkZBA61ngmcmAwEj/9VLxP68bg3/lJlxGMTBJF4v8WGAIcVoDHnDFKIiZIYQqbm7FdEQUoWDKKmUlXKeofX95mbTOK9WLSu3eKdfP8jqK6Agdo1NURZeoju5QAzURRRP0iJ7Ri5VYT9ar9bYYLVh55hD9gvX+BcFik8o=</latexit>

Space beside beam dump

YS, S.Michizono, N.Terunuma, T.Sanami. 2210.08690
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File = geometry.out [t-track] in xyz mesh Date = 10:10 02-May-202

calculated by PHITS 3.25 plotted by ANGEL 4.5
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  emin  =   1.0000E+01 [MeV]
  emax  =   1.0000E+03 [MeV]
  ymin  =  -5.0000E+01 [cm]

  ymax  =   5.0000E+01 [cm]
  part. = neutron3m

<latexit sha1_base64="spuKTIXE7q69fH/vqDM3lLFPw0o=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAoFaTMWKV2ZcGNywq2FTtDyaRpG5pkhiQjlKHP4MaNC0Xc6lP4CO58EPemM0W8/RD4+M85nJPfDxlV2rbfrczM7Nz8QnYxt7S8srqWX99oqiCSmDRwwAJ56SNFGBWkoalm5DKUBHGfkZY/PJ3UW9dEKhqICz0KicdRX9AexUgb66rs7seu5JCPO/mCXbITwb/gTKFw8lL8eL1x9+qd/JvbDXDEidCYIaXajh1qL0ZSU8zIOOdGioQID1GftA0KxIny4uTiMdwxThf2Amme0DBxv0/EiCs14r7p5EgP1O/axPyv1o5079iLqQgjTQROF/UiBnUAJ9+HXSoJ1mxkAGFJza0QD5BEWJuQckkI1UQwhcrhFKrOVwjNg5JTLh2d24XaLkiVBVtgGxSBAyqgBs5AHTQABgLcgnvwYCnrznq0ntLWjDWd2QQ/ZD1/Aj1vlK4=</latexit>

2
<latexit sha1_base64="jgfiuuxSmDxZYlTNMgkQFziu86Q=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhx2YK9QBvKZDppx04mYWYilNAncONCEbe+gm/izrdxmhbx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydW83rmjUrFI3OhpTL0QjwQLGMHaWM3yoFhybCcT+gvuEkqXb5VMjUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaMyhwSJWXZofO0IlxhiiIpHlCo8z9PpHiUKlp6JvOEOux+l2bm//VeokOLryUiTjRVJDFoiDhSEdo/ms0ZJISzacGMJHM3IrIGEtMtMmmkIVQy4QWUD1bQs39CqFdtt2Kfd50SnUbFsrDERzDKbhQhTpcQwNaQIDCPTzCk3VrPVjP1suiNWctZw7hh6zXT5ggj1k=</latexit>

4
<latexit sha1_base64="d1brec5qrnUYkOZMLGRjXuH5GhQ=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJrdSuLLhx2YK9QBvKZDppx04mYWYilNIncONCEbe+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydWi3rmjUrFI3OhpTL0QjwQLGMHaWM3KoFhybCcV+gvuEkqXb+VUjUHxvT+MSBJSoQnHSvVcJ9beDEvNCKfzQj9RNMZkgke0Z1DgkCpvlh46RyfGGaIgkuYJjVL3+8QMh0pNQ990hliP1e/awvyv1kt0cOHNmIgTTQXJFgUJRzpCi1+jIZOUaD41gIlk5lZExlhiok02hTSEWiqUQbWyhJr7FUL7zHbL9nnTKdVtyJSHIziGU3ChCnW4hga0gACFe3iEJ+vWerCerZesNWctZw7hh6zXT5soj1s=</latexit>

�4
<latexit sha1_base64="1LPsnUxEdHJvgFU7Mw8MZivTqlQ=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgyJrdS6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UblXKFqmlQr9BXsGxfOP0t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqJRnULW/Qmgem3bJPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3PdkKQ=</latexit>

�2
<latexit sha1_base64="u2WGLHauzYnaPRDOIM1Jgca86u0=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgxJq9S6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UalXKFqmlQr9BXsGxfOP8t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqBzPoGp/hdAsmXbZPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3DVkKI=</latexit>

0
<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

x
[m

]
<latexit sha1_base64="2UKbwCia7f8XH7XJSeoIwoQgSFc=">AAAB9HicbZBLSwMxFIUzPmt9VV26CbaCq2GmKrW7ghuXFewDpkPJpJk2NMmMSaZYhvo33LhQxK0/xp3/xnQ6iK8DgY9z7iWXE8SMKu04H9bS8srq2npho7i5tb2zW9rbb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjC/neWdCpKKRuNHTmPgcDQUNKUbaWH7lrnLvpT3JIZ/5/VLZsZ1M8C+4OZRBrma/9N4bRDjhRGjMkFKe68TaT5HUFDMyK/YSRWKEx2hIPIMCcaL8NDt6Bo+NM4BhJM0TGmbu940UcaWmPDCTHOmR+p3Nzf8yL9HhhZ9SESeaCLz4KEwY1BGcNwAHVBKs2dQAwpKaWyEeIYmwNj0VsxLqmeACamc51N2vEtpV2z21z6+r5Yad11EAh+AInAAX1EADXIEmaAEMbsEDeALP1sR6tF6s18XokpXvHIAfst4+AWQykjM=</latexit>

10
<latexit sha1_base64="01xx2bGRriEv8ZvqERtakMZP7cw=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o3rDMoVx3Yyob/gLqBy8VbN1ByU3/vDiCQhFZpwrFTPdWLtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbpDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfo4NxLmYgTTQXJFwUJRzpC82+jIZOUaD41gIlk5lZExlhiok04pSyEeiaUQ+10AXX3K4T2ie1W7bNrp9KwIVcRDuAQjsGFGjTgCprQAgIB3MMjPFkT68F6tl7y1oK1mNmHH7JePwEEgI+S</latexit>

15
<latexit sha1_base64="bdlBpeEoS/5paBAtr80q19VcIJs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJWmpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o1bHZQrju1kQn/BXUDl4u00U3NQfu8PI5KEVGjCsVI914m1l2KpGeF0VuonisaYTPCI9gwKHFLlpdmlM3RknCEKImme0Chzv0+kOFRqGvqmM8R6rH7X5uZ/tV6ig3MvZSJONBUkXxQkHOkIzb+NhkxSovnUACaSmVsRGWOJiTbhlLIQ6plQDrWzBdTdrxDaJ7Z7alevnUrDhlxFOIBDOAYXatCAK2hCCwgEcA+P8GRNrAfr2XrJWwvWYmYffsh6/QQMFI+X</latexit>

20
<latexit sha1_base64="tWkqD6riREOFwffSO6nGezCftgQ=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhxWcXaQhvKZDpph04mYWYilNA3cONCEbc+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nwyosLa+srhXXSxubW9s75d29WxUlktA2iXgkuz5WlDNB25ppTruxpDj0Oe34k4t5vXNHpWKRuNHTmHohHgkWMIK1sa6rzqBccWwnE/oL7gIq52+1TK1B+b0/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jMocEiVl2aXztCRcYYoiKR5QqPM/T6R4lCpaeibzhDrsfpdm5v/1XqJDs68lIk40VSQfFGQcKQjNP82GjJJieZTA5hIZm5FZIwlJtqEU8pCaGRCOdRPFtBwv0K4rdpuzT69cipNG3IV4QAO4RhcqEMTLqEFbSAQwD08wpM1sR6sZ+slby1Yi5l9+CHr9RMGBY+T</latexit>

0
<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>

5
<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>

(Concrete)
<latexit sha1_base64="tvunLhkOSyuFDIUEG6PAa4fQihE=">AAAB+nicbZDLSgMxFIYz9V5vVZeCBItQXZQZL6i7QjcuFawKbSmZ9LQNzWSG5Ixaxi59DDcuFHHrwudw5zP4EqbTIt5+CHz8/znk8PuRFAZd993JjI1PTE5Nz2Rn5+YXFnNLy2cmjDWHCg9lqC98ZkAKBRUUKOEi0sACX8K53y0P8vNL0EaE6hR7EdQD1laiJThDazVySzWEa0wK5VBxDQib/UYu7xbdVPQveCPIl7K3a68nH7fHjdxbrRnyOACFXDJjqp4bYT1hGgWX0M/WYgMR413WhqpFxQIw9SQ9vU83rNOkrVDbp5Cm7veNhAXG9ALfTgYMO+Z3NjD/y6oxtg7qiVBRjKD48KNWLCmGdNADbQoNHGXPAuNa2Fsp7zDNONq2smkJh6noEPZ3R3DofZVwtl30dop7J7aNLTLUNFkl66RAPLJPSuSIHJMK4eSK3JEH8ujcOPfOk/M8HM04o50V8kPOyyf7iJfT</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

• Both neutrons and muons have atmospheric-like spectra.

• Muon dominant beam is available with thick shielding.

(Cosmic ray muons)⇥ 108
<latexit sha1_base64="LbWCQoVHRYIUn+N47JkaOAuYd34="></latexit>

1

5

10
<latexit sha1_base64="uXLgfPzl/bMD4ZKu8pvlxpzVTzY="></latexit>

E [MeV]
<latexit sha1_base64="ayLwhrj6sRxEwWWboIZayWsmnCo=">AAAB8HicbZDLSsNAFIZPvNZ6q7p0M9gK4qIkVandFURwI1SwF0lDmUyn7dCZJMxMhBL6FG5cKOLWx3Hn2zhNg3j7YeDjP+dwzvx+xJnStv1hLSwuLa+s5tby6xubW9uFnd2WCmNJaJOEPJQdHyvKWUCbmmlOO5GkWPictv3xxazevqdSsTC41ZOIegIPAzZgBGtj3ZUuS8i9pi2vVyjaZTsV+gtOBkXI1OgV3rv9kMSCBppwrJTr2JH2Eiw1I5xO891Y0QiTMR5S12CABVVekh48RYfG6aNBKM0LNErd7xMJFkpNhG86BdYj9bs2M/+rubEenHsJC6JY04DMFw1ijnSIZr9HfSYp0XxiABPJzK2IjLDERJuM8mkItVRoDtXTDGrOVwitStk5KZ/dVIr14yyOHOzDARyBA1WowxU0oAkEBDzAEzxb0nq0XqzXeeuClc3swQ9Zb59FgI++</latexit>

0 - 0.5m
<latexit sha1_base64="Qlq7u6/ixV6yxzPseS5HSZxB7kU=">AAACAHicbZBLS8NAFIUnvq2vqAsXbgaL4EJL4gPtSsGNywq2FZpSJtNJOziThJkbsYR04Y9wLQjiwiJu/Rnu/Bdu3JumRXwdGPg4515m5rih4Bos680YGR0bn5icms7NzM7NL5iLSxUdRIqyMg1EoM5dopngPisDB8HOQ8WIdAWruhfH/bx6yZTmgX8GnZDVJWn53OOUQGo1zBWr6wC7gngr6VqFPWczdpTEMmmYeatgZcJ/wR5C/vD9o3dzf7tUapivTjOgkWQ+UEG0rtlWCPWYKOBUsCTnRJqFhF6QFqul6BPJdD3OPpDg9dRpYi9Q6fEBZ+73jZhIrTvSTSclgbb+nfXN/7JaBN5BPeZ+GAHz6eAiLxIYAtxvAze5YhREJwVCFU/fimmbKEIh7SyXlVDMhAewvzuEov1VQmW7YO8U9k6t/NEGGmgKraI1tIFstI+O0AkqoTKiKEF36BH1jGvjwXgyngejI8ZwZxn9kPHyCWVHmxY=</latexit>

|x|-range
<latexit sha1_base64="852LsvFOYN8+eCU3P5Uf0bg0GcY="></latexit>
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]

<latexit sha1_base64="lyj+vUmAOm4fBEUMBQeDDAYB0fQ=">AAACCnicbZBNS8MwHMbT+TbnW9Wjl+gqiIetncrcbSCCxwluDrpa0jTbwtKmJKkwys5e/CpePCji1U/gzW9j1xXx7YHAj+f5/0nyeBGjUpnmh1aYm19YXCoul1ZW19Y39M2tjuSxwKSNOeOi6yFJGA1JW1HFSDcSBAUeI9fe6GyaX98SISkPr9Q4Ik6ABiHtU4xUarn6rm/0oiE1qj7jA8NNLHNybkDbquLAuKkZVem4etmsmJngX7ByKINcLVd/7/kcxwEJFWZIStsyI+UkSCiKGZmUerEkEcIjNCB2iiEKiHSS7CsTuJ86PuxzkZ5Qwcz9vpGgQMpx4KWTAVJD+Tubmv9ldqz6p05CwyhWJMSzi/oxg4rDaS/Qp4JgxcYpICxo+laIh0ggrNL2SlkJjUxwBvXjHBrWVwmdWsU6qpxc1srNw7yOItgBe+AAWKAOmuACtEAbYHAHHsATeNbutUftRXudjRa0fGcb/JD29gko1ZhX</latexit>

e� Beam : 125GeV, 2.6MW
<latexit sha1_base64="/0qAc+aqEaTOtnfFF3evOAeYTrA="></latexit>

Muon
<latexit sha1_base64="qx/ObViqDFbJgcr0mBc6tr0ino4=">AAAB8XicbZDLSgMxFIbPeK31Vi87N8EiuCozXqhdWXChG6GCvWBbSibNtKGZzJBkhDr0Ldy4UMSt4MoncefSNzGdKeLth8DHf87hnPxuyJnStv1uTU3PzM7NZxayi0vLK6u5tfWaCiJJaJUEPJANFyvKmaBVzTSnjVBS7Luc1t3Bybhev6ZSsUBc6mFI2z7uCeYxgrWxruKW66HzKBCjTi5vF+xE6C84E8gfv958nL5sxpVO7q3VDUjkU6EJx0o1HTvU7RhLzQino2wrUjTEZIB7tGlQYJ+qdpxcPEI7xukiL5DmCY0S9/tEjH2lhr5rOn2s++p3bWz+V2tG2jtqx0yEkaaCpIu8iCMdoPH3UZdJSjQfGsBEMnMrIn0sMdEmpGwSQikRSqF4MIGS8xVCba/g7BcOL+x82YZUGdiCbdgFB4pQhjOoQBUICLiFe3iwlHVnPVpPaeuUNZnZgB+ynj8BxG+VDA==</latexit>

E [MeV]
<latexit sha1_base64="ayLwhrj6sRxEwWWboIZayWsmnCo=">AAAB8HicbZDLSsNAFIZPvNZ6q7p0M9gK4qIkVandFURwI1SwF0lDmUyn7dCZJMxMhBL6FG5cKOLWx3Hn2zhNg3j7YeDjP+dwzvx+xJnStv1hLSwuLa+s5tby6xubW9uFnd2WCmNJaJOEPJQdHyvKWUCbmmlOO5GkWPictv3xxazevqdSsTC41ZOIegIPAzZgBGtj3ZUuS8i9pi2vVyjaZTsV+gtOBkXI1OgV3rv9kMSCBppwrJTr2JH2Eiw1I5xO891Y0QiTMR5S12CABVVekh48RYfG6aNBKM0LNErd7xMJFkpNhG86BdYj9bs2M/+rubEenHsJC6JY04DMFw1ijnSIZr9HfSYp0XxiABPJzK2IjLDERJuM8mkItVRoDtXTDGrOVwitStk5KZ/dVIr14yyOHOzDARyBA1WowxU0oAkEBDzAEzxb0nq0XqzXeeuClc3swQ9Zb59FgI++</latexit>
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]

<latexit sha1_base64="lyj+vUmAOm4fBEUMBQeDDAYB0fQ=">AAACCnicbZBNS8MwHMbT+TbnW9Wjl+gqiIetncrcbSCCxwluDrpa0jTbwtKmJKkwys5e/CpePCji1U/gzW9j1xXx7YHAj+f5/0nyeBGjUpnmh1aYm19YXCoul1ZW19Y39M2tjuSxwKSNOeOi6yFJGA1JW1HFSDcSBAUeI9fe6GyaX98SISkPr9Q4Ik6ABiHtU4xUarn6rm/0oiE1qj7jA8NNLHNybkDbquLAuKkZVem4etmsmJngX7ByKINcLVd/7/kcxwEJFWZIStsyI+UkSCiKGZmUerEkEcIjNCB2iiEKiHSS7CsTuJ86PuxzkZ5Qwcz9vpGgQMpx4KWTAVJD+Tubmv9ldqz6p05CwyhWJMSzi/oxg4rDaS/Qp4JgxcYpICxo+laIh0ggrNL2SlkJjUxwBvXjHBrWVwmdWsU6qpxc1srNw7yOItgBe+AAWKAOmuACtEAbYHAHHsATeNbutUftRXudjRa0fGcb/JD29gko1ZhX</latexit>

0 - 0.5m
<latexit sha1_base64="Qlq7u6/ixV6yxzPseS5HSZxB7kU=">AAACAHicbZBLS8NAFIUnvq2vqAsXbgaL4EJL4gPtSsGNywq2FZpSJtNJOziThJkbsYR04Y9wLQjiwiJu/Rnu/Bdu3JumRXwdGPg4515m5rih4Bos680YGR0bn5icms7NzM7NL5iLSxUdRIqyMg1EoM5dopngPisDB8HOQ8WIdAWruhfH/bx6yZTmgX8GnZDVJWn53OOUQGo1zBWr6wC7gngr6VqFPWczdpTEMmmYeatgZcJ/wR5C/vD9o3dzf7tUapivTjOgkWQ+UEG0rtlWCPWYKOBUsCTnRJqFhF6QFqul6BPJdD3OPpDg9dRpYi9Q6fEBZ+73jZhIrTvSTSclgbb+nfXN/7JaBN5BPeZ+GAHz6eAiLxIYAtxvAze5YhREJwVCFU/fimmbKEIh7SyXlVDMhAewvzuEov1VQmW7YO8U9k6t/NEGGmgKraI1tIFstI+O0AkqoTKiKEF36BH1jGvjwXgyngejI8ZwZxn9kPHyCWVHmxY=</latexit>

|x|-range
<latexit sha1_base64="852LsvFOYN8+eCU3P5Uf0bg0GcY="></latexit>

1

5

10
<latexit sha1_base64="uXLgfPzl/bMD4ZKu8pvlxpzVTzY="></latexit>

(Cosmic ray neutrons)⇥ 108
<latexit sha1_base64="ztHkWv5JU42YE4levDDItYjUgQE="></latexit>

e� Beam : 125GeV, 2.6MW
<latexit sha1_base64="/0qAc+aqEaTOtnfFF3evOAeYTrA="></latexit>

Neutron
<latexit sha1_base64="LpqfyphRsCkmJHSjHdtBf19vGcY=">AAAB9HicbZBLSwMxFIUz9VXrqz52boJFcFVmfFC7suBCV1LBPqAdSibNtKGZZEwyhTr0d7hxoYjbrvwl7lz6T0xnivg6EPg4515yOV7IqNK2/W5l5uYXFpeyy7mV1bX1jfzmVl2JSGJSw4IJ2fSQIoxyUtNUM9IMJUGBx0jDG5xP88aQSEUFv9GjkLgB6nHqU4y0sdy47fnwikRaCj7u5At20U4E/4Izg8LZ693HxWQnrnbyb+2uwFFAuMYMKdVy7FC7MZKaYkbGuXakSIjwAPVIyyBHAVFunBw9hvvG6UJfSPO4hon7fSNGgVKjwDOTAdJ99Tubmv9lrUj7p25MeRhpwnH6kR8xqAWcNgC7VBKs2cgAwpKaWyHuI4mwNj3lkhLKiWAKpeMZlJ2vEuqHReeoeHJtFyo2SJUFu2APHAAHlEAFXIIqqAEMbsE9eARP1tB6sJ6tl3Q0Y812tsEPWZNPN02Wdg==</latexit>

[m]
<latexit sha1_base64="GGT9dkvFyiH+mlLAP9z5XGo/MGw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCoztVK7K7hxWdHawnQomTTThiaZIckIpfQR3LhQxK1P5M63MZ0O4u2HwMd/zuGc/GHCmTau++EUVlbX1jeKm6Wt7Z3dvfL+wZ2OU0Voh8Q8Vr0Qa8qZpB3DDKe9RFEsQk674eRyUe/eU6VZLG/NNKGBwCPJIkawsdaNL4JBueJW3UzoL3g5VCBXe1B+7w9jkgoqDeFYa99zExPMsDKMcDov9VNNE0wmeER9ixILqoNZduocnVhniKJY2ScNytzvEzMstJ6K0HYKbMb6d21h/lfzUxNdBDMmk9RQSZaLopQjE6PFv9GQKUoMn1rARDF7KyJjrDAxNp1SFkIzE1pCo55D0/sK4a5W9c6q59e1Squex1GEIziGU/CgAS24gjZ0gMAIHuAJnh3uPDovzuuyteDkM4fwQ87bJ3LcjkQ=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

[m]
<latexit sha1_base64="GGT9dkvFyiH+mlLAP9z5XGo/MGw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCoztVK7K7hxWdHawnQomTTThiaZIckIpfQR3LhQxK1P5M63MZ0O4u2HwMd/zuGc/GHCmTau++EUVlbX1jeKm6Wt7Z3dvfL+wZ2OU0Voh8Q8Vr0Qa8qZpB3DDKe9RFEsQk674eRyUe/eU6VZLG/NNKGBwCPJIkawsdaNL4JBueJW3UzoL3g5VCBXe1B+7w9jkgoqDeFYa99zExPMsDKMcDov9VNNE0wmeER9ixILqoNZduocnVhniKJY2ScNytzvEzMstJ6K0HYKbMb6d21h/lfzUxNdBDMmk9RQSZaLopQjE6PFv9GQKUoMn1rARDF7KyJjrDAxNp1SFkIzE1pCo55D0/sK4a5W9c6q59e1Squex1GEIziGU/CgAS24gjZ0gMAIHuAJnh3uPDovzuuyteDkM4fwQ87bJ3LcjkQ=</latexit>

T
<latexit sha1_base64="twTYbKZPbSnvkc9u36DJUZvVyqI=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjNaqV1ZcOOyQl/Q1pLJZNrQTDIkGaUM/Q8VXCji1rW/4c6/MTNTxNeBkMM593IPxw0ZVdq2P6zcwuLS8kp+tbC2vrG5VdzeaSsRSUxaWDAhuy5ShFFOWppqRrqhJChwGem4k/PE71wTqajgTT0NySBAI059ipE20lXfFcxT08B8cXM2LJbssp0C/iXOnJTO3u4S3DeGxfe+J3AUEK4xQ0r1HDvUgxhJTTEjs0I/UiREeIJGpGcoRwFRgzhNPYMHRvGgL6R5XMNU/b4Ro0Al0cxkgPRY/fYS8T+vF2n/dBBTHkaacJwd8iMGtYBJBdCjkmDNpoYgLKnJCvEYSYS1KaqQllBLATNSrcxJzfkqoX1Udo7LJ5d2qV4BGfJgD+yDQ+CAKqiDC9AALYCBBLfgETxZN9aD9Wy9ZKM5a76zC37Aev0EeTeX+Q==</latexit>

Downstream of beam dump
YS, S.Michizono, N.Terunuma, T.Sanami. 2210.08690

ILC can also be used for industrial studies.
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Searches for Long-Lived Particles

Active muon shieldPassive muon shield

Iron blocks for muon
(for radiation safety)

LCLS-II BSY @SLAC

11 m ~50 m 50~100 m

μ

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

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</latexit>

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

~5 m

Beam dump Muon shield Decay volume / Multi-layer trackers

Detectors

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</latexit>

X
<latexit sha1_base64="enjUDVGlBdUJFP4286StRCjqffQ=">AAAB93icbVDLSgMxFM34rPVVdekmWARXw3RqXxspuHHZgn1AO5RMmmlDk8yQZIRh6Be41bU7cevnuPRPzLRFrHrgwuGce7n3Hj9iVGnH+bA2Nre2d3Zze/n9g8Oj48LJaVeFscSkg0MWyr6PFGFUkI6mmpF+JAniPiM9f3ab+b0HIhUNxb1OIuJxNBE0oBhpI7X7o0LRsRv1qltxoWM7Ts0tVzPi1q7dMiwZJUMRrNAaFT6H4xDHnAiNGVJq0Ii0lyKpKWZknh/GikQIz9CEDAwViBPlpYs75/DSKGMYhNKU0HCh/pxIEVcq4b7p5EhP1W8vE//zBrEO6l5KRRRrIvByURAzqEOYPQ3HVBKsWWIIwpKaWyGeIomwNtGsbfH5PL/MJEPlO4G/pOvapbJdaTvF5s0qnRw4BxfgCpRADTTBHWiBDsCAgEfwBJ6txHqxXq23ZeuGtZo5A2uw3r8A93yTyA==</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>

|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>

M
A
T
H
U
SLA

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

U⌧ dominance
<latexit sha1_base64="4CzyZWHCN3D7Yl9GFMgOT6dsvro=">AAACCnicbZDLSsNAFIYn9VbrLdalm8FWcFWSqtRupODGZQV7gTaEyWTSDp2ZhJmJWELfwGdwq2t34taXcOmbmKZBrPrDgY//nMM5/F7EqNKW9WEUVlbX1jeKm6Wt7Z3dPXO/3FVhLDHp4JCFsu8hRRgVpKOpZqQfSYK4x0jPm1zN+707IhUNxa2eRsThaCRoQDHSqeWa5WrHHWoUV6EfciqQwMQ1K1bNygT/gp1DBeRqu+bn0A9xzInQmCGlBs1IOwmSmmJGZqVhrEiE8ASNyCBFgThRTpK9PoPHqePDIJRpCQ0z9+dGgrhSU+6lkxzpsfrdm5v/9QaxDi6chIoo1kTgxaEgZlCHcJ4D9KkkWLNpCghLmv4K8RhJhHWa1tIVj89KWSbNTHABjbMcmvZ3Jt16zT6tnd/UK63LPJ0iOARH4ATYoAFa4Bq0QQdgcA8ewRN4Nh6MF+PVeFuMFox85wAsyXj/AnNEmtg=</latexit>

m⌧
<latexit sha1_base64="pG3iXa+41wZYCv4tMxGAG3t3uRg=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8EiuCpTL9RupODGZQV7gXYomTTTxiaZIckIZajP4FbX7sSt7+LSNzGdDmLVHwIf/zmHc/L7EWfauO6Hk1taXlldy68XNja3tneKu3stHcaK0CYJeag6PtaUM0mbhhlOO5GiWPictv3x1azevqdKs1DemklEPYGHkgWMYGOtluj3DI77xZJbdlOhv1DJoASZGv3iZ28QklhQaQjHWndrkfESrAwjnE4LvVjTCJMxHtKuRYkF1V6SHjtFR9YZoCBU9kmDUvfnRIKF1hPh206BzUj/rs3M/2rd2AQXXsJkFBsqyXxREHNkQjT7ORowRYnhEwuYKGZvRWSEFSbG5rOwxRfTQppJLRWaQ/Usg1rlO5PWSblyWj6/cUv1yyydPBzAIRxDBapQh2toQBMI3MEjPMGz8+C8OK/O27w152Qz+7Ag5/0LxdCWLw==</latexit>

(mB �m⌧ )
<latexit sha1_base64="2K7LyQwTp8M4xZUpw1ndNehcies=">AAACAnicbZDLSgMxFIYzXmu9VV26CRahLiwzXqjdSNGNywr2Ap1hyKSZNjTJDElGKEN3PoNbXbsTt76IS9/EdDqIVX8IfPznHM7JH8SMKm3bH9bC4tLyymphrbi+sbm1XdrZbasokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK6n9c49kYpG4k6PY+JxNBA0pBhpY7kV7l8dc9/VKDnyS2W7ameCf8HJoQxyNf3Sp9uPcMKJ0JghpXr1WHspkppiRiZFN1EkRniEBqRnUCBOlJdmJ0/goXH6MIykeULDzP05kSKu1JgHppMjPVS/a1Pzv1ov0eGFl1IRJ5oIPFsUJgzqCE7/D/tUEqzZ2ADCkppbIR4iibA2Kc1tCfikmGVSzwRnUDvLoe58Z9I+qTqn1fNbu9y4zNMpgH1wACrAATXQADegCVoAgxg8gifwbD1YL9ar9TZrXbDymT0wJ+v9CyKKl/c=</latexit>

(mBc �m⌧ )
<latexit sha1_base64="RYJ9FHKJMDb6amuMy9FGf80CTuY=">AAACCHicbZDLSsNAFIYn9VbrLerSzWAR6sKSeKF2I0U3LivYC7QhTKaTduhMEmYmhRLyAj6DW127E7e+hUvfxGkaxKo/HPj4zzmcw+9FjEplWR9GYWl5ZXWtuF7a2Nza3jF399oyjAUmLRyyUHQ9JAmjAWkpqhjpRoIg7jHS8cY3s35nQoSkYXCvphFxOBoG1KcYKW25plnhbnLt4vSEu32F4mPXLFtVKxP8C3YOZZCr6Zqf/UGIY04ChRmSslePlJMgoShmJC31Y0kihMdoSHoaA8SJdJLs8RQeaWcA/VDoChTM3J8bCeJSTrmnJzlSI/m7NzP/6/Vi5V86CQ2iWJEAzw/5MYMqhLMU4IAKghWbakBYUP0rxCMkEFY6q4UrHk9LWSb1THAOtfMc6vZ3Ju3Tqn1Wvbizyo2rPJ0iOACHoAJsUAMNcAuaoAUwmIBH8ASejQfjxXg13uajBSPf2QcLMt6/AP3Nmgo=</latexit>


