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What to expect for the next 90 minutes
Overview

• sequence of 5-minute kick-off presentations, without breaks / discussion 
• this intro :) 
• Topic 1: Stages and physics goals from 91 GeV to 800-1000 GeV (M.Peskin) 
• Topic 2: ILC at CERN compared to FCC-ee (R.Pöschl) 
• Topic 3: SCRF / ILC-like realization of full physics program 91-1000 GeV (S. Michizono) 
• Topic 4: CLIC/C3 realization of full physics program as upgrade of ILC250 (S.Stapnes) 
• Topic 5: RELIC upgrade of ILC250 and physics need for higher luminosity (V.Litvinenko) 
• Topic 6: Realizations of the full physics program with plasma wakefield upgrade of 

ILC250 (B.Foster) 
• Topic 7: Beyond-collider program (M.Nojiri) 
• Topic 8: Implications for exploring the 10 TeV parton energy scale (D.Schulte) 

• 45’ plenary discussion 
• guided by your online submitted questions!
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What is this Global LC Vision?
We are all here at LCWS because we think that

• the exploration of the fundamental laws of our universe requires, in addition to the HL-LHC 
and Belle II, a long-term e+e- program over a wide range of energies - not just a “gap-filler” 

• this program should start “now” by unveiling the mysteries of the Higgs boson, with an 
affordable project based on technology at-hand - and then evolve from there 

• the long-term program should not be statically defined “today” for decades into the future, 
but instead the initial facility must be sufficienctly versatible to allow choices to be taken as 
scientific knowledge and technologies advance - or even see revolutions 

• this applies to the evolution of the e+e- facility itself as well as for the choice of the best 
avenue to eventually explore the 10-TeV parton-energy scale, for all of which sufficient 
resources for R&D and demonstrators must remain available
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• this applies to the evolution of the e+e- facility itself as well as for the choice of the best 
avenue to eventually explore the 10-TeV parton-energy scale, for all of which sufficient 
resources for R&D and demonstrators must remain available

A few months ago, a spontaneous “think-tank”, aka LC Vision Team, 
formed to reflect on these ideas  

— and today we invite you to discuss them with us!
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Evolve this into a 
joint Linear Collider 

Vision input at the EPPSU, 
complementing more 

technical “project 
inputs” ?
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And after today’s discussion?
Some ideas

• we hope that discussions will continue through out the workshop 

• an attempt of a summary on the LC Vision discussion will be given in the 
closing plenary  

• we need to prepare for the EPPSU 

• should - in addition to specific technology-oriented individual 
submissions - all Linear Colliders team up to present a joint vision for the 
field based on a linear Higgs factory as the first step? 

• how do we already now reach out to the HEP community, i.e. to make 
sure national pre-EPPSU discussion are informed about this idea? 

• how to organize the LC Vision effort in the future? 

And now it is your turn!
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Slido 
Please connect now!

• scan QR code 
• or enter code on web site 

• try “Type your question” 
• please enter your name the first time 

• during talks and discussion you can  
• enter new questions 
• “like” other questions 
• answer questions  

=> please use with care and respect! 
• our moderators will pick popular questions 

and address them to the LC vision 
representants on stage https://slido.com 

#2754 288
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Warm-up excercise: 
What makes you 

enthusiastic about 
Linear Colliders?



Topic 1: Stages and physics 
goals from 91 GeV to 800-1000 
GeV (M.Peskin)



M. E. Peskin 
LCWS 2024 
LC Vision 
July 2024

Physics Goals of the 
 Full Higgs Factory 

Program
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There is a “Full Higgs Factory Program”. 

This follows the idea that we should measure all possible 
properties of the Higgs boson with current collider 
technologies, while we prepare for experiments at 10 TeV. 

This requires a number of energy stages for e+e- colliders.  
And, some of these are beyond the reach of FCC-ee. 

In the following, I will list these stages in order of increasing 
CM energy.  This is not necessarily chronological order.  We 
will want to measure the Higgs directly in the first stage.



The purpose of a Higgs Factory is not to improve the error 
bars.  The purpose is to make discoveries. 

Since the Higgs boson is most closely connected to the 
mysteries of the Standard Model, closer study of the Higgs 
boson gives us this opportunity.  

For a discovery, uncertainties should be defensible and 
improvable.  This is the most important advantage of an 
e+e- collider. 

Two features enhance this capability: 

1. e- and e+ polarization offers multiple data sets with 
complementary information 

2. parameters are often measurable in complementary 
reactions  (denoted 2nd! in the following)
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91 GeV:  Z resonance  

160 GeV:   WW threshold 

250 GeV:  peak of the tagged Higgs cross section 
<latexit sha1_base64="md3X7pSRfVb/imCY11KpD7c4/rU=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiAIYpgRiR6DXnKMYBZMJqGnU5M06Vno7lHCkP/w4kERr/6LN//GznLQxAcFj/eqqKrnxYIrbdvfVmZldW19I7uZ29re2d3L7x/UVZRIhjUWiUg2PapQ8BBrmmuBzVgiDTyBDW94O/EbjygVj8J7PYrRDWg/5D5nVBupQ7Bzhp1z0tYReah08wW7aE9BlokzJwWYo9rNf7V7EUsCDDUTVKmWY8faTanUnAkc59qJwpiyIe1jy9CQBqjcdHr1mJwYpUf8SJoKNZmqvydSGig1CjzTGVA9UIveRPzPayXav3ZTHsaJxpDNFvmJIObHSQSkxyUyLUaGUCa5uZWwAZWUaRNUzoTgLL68TOoXRadULN1dFso38ziycATHcAoOXEEZKlCFGjCQ8Ayv8GY9WS/Wu/Uxa81Y85lD+APr8wdtnpEw</latexit>

e
+
e
� ! ZH

enhanced precision EW tests, also needed for SMEFT fitting 

SM PEW closure test error :   GigaZ w. pol.: 1.3  ,   TeraZ no pol: 1.0
<latexit sha1_base64="fgFjGR/au9lSoUy0I0S5penEmfI=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj14CHjxGME8INmE2clsMmT2wUyvEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lxdLodG2v63cyura+kZ+s7C1vbO7V9w/aOgoUYzXWSQj1fKo5lKEvI4CJW/FitPAk7zpjW6nfvORKy2i8AHHMXcDOgiFLxhFI3U7KAKuiWN307PLSa9Yssv2DGSZOBkpQYZar/jV6UcsCXiITFKt244do5tShYJJPil0Es1jykZ0wNuGhtQsc9PZ1RNyYpQ+8SNlKkQyU39PpDTQehx4pjOgONSL3lT8z2sn6F+7qQjjBHnI5ov8RBKMyDQC0heKM5RjQyhTwtxK2JAqytAEVTAhOIsvL5PGedmplCv3F6XqTRZHHo7gGE7BgSuowh3UoA4MFDzDK7xZT9aL9W59zFtzVjZzCH9gff4AWKSRwg==</latexit>

⇥10�5

W mass, precision EW test   for LC only useful for enhanced luminosity upgrades

SM PEW closure test error:   ILC 250 :   5.3     FCC-ee:   1.7
<latexit sha1_base64="fgFjGR/au9lSoUy0I0S5penEmfI=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbArGj14CHjxGME8INmE2clsMmT2wUyvEpb8hxcPinj1X7z5N06SPWhiQUNR1U13lxdLodG2v63cyura+kZ+s7C1vbO7V9w/aOgoUYzXWSQj1fKo5lKEvI4CJW/FitPAk7zpjW6nfvORKy2i8AHHMXcDOgiFLxhFI3U7KAKuiWN307PLSa9Yssv2DGSZOBkpQYZar/jV6UcsCXiITFKt244do5tShYJJPil0Es1jykZ0wNuGhtQsc9PZ1RNyYpQ+8SNlKkQyU39PpDTQehx4pjOgONSL3lT8z2sn6F+7qQjjBHnI5ov8RBKMyDQC0heKM5RjQyhTwtxK2JAqytAEVTAhOIsvL5PGedmplCv3F6XqTRZHHo7gGE7BgSuowh3UoA4MFDzDK7xZT9aL9W59zFtzVjZzCH9gff4AWKSRwg==</latexit>

⇥10�5

Higgs couplings to W, Z, b, τ, g, c  to  1%  (absolutely normalized) 

search for exotic Higgs decays to  BR ~             invisible to BR ~ 

W mass to 2 MeV  (see above) 

precision study of                            ,                        for global 
SMEFT fits,  multi-TeV BSM sensitivity, CP violation probes

<latexit sha1_base64="gEJ4+HsBJ9hhRRO105EFKgzHIoc=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTEC0sAjaWEcwHJDHsbeaSJXt7x+6eEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG1c99vJra1vbG7ltws7u3v7B8XDo6aOEsWwwSIRqbZPNQousWG4EdiOFdLQF9jyx7czv/WESvNIPphJjL2QDiUPOKPGSi3PfUwvKtN+seSW3TnIKvEyUoIM9X7xqzuIWBKiNExQrTueG5teSpXhTOC00E00xpSN6RA7lkoaou6l83On5MwqAxJEypY0ZK7+nkhpqPUk9G1nSM1IL3sz8T+vk5jgupdyGScGJVssChJBTERmv5MBV8iMmFhCmeL2VsJGVFFmbEIFG4K3/PIqaV6WvWq5el8p1W6yOPJwAqdwDh5cQQ3uoA4NYDCGZ3iFNyd2Xpx352PRmnOymWP4A+fzB0G8jt0=</latexit>

10�4

<latexit sha1_base64="KGvHrnEP0Xiu64kNeOuV/0Zy8SU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCUFoSkerBQ8GLxwq2KbRJ2Wwn7dLNB7sbpdT+FC8eFPHqL/Hmv3Hb5qCtDwYe780wM89POJPKsr6N3Nr6xuZWfruws7u3f2AWD1syTgWFJo15LNo+kcBZBE3FFId2IoCEPgfHH93MfOcBhGRxdK/GCbghGUQsYJQoLfXMInhl8Cq4q2LseGXHq/TMklW15sCrxM5ICWVo9Myvbj+maQiRopxI2bGtRLkTIhSjHKaFbiohIXREBtDRNCIhSHcyP32KT7XSx0EsdEUKz9XfExMSSjkOfd0ZEjWUy95M/M/rpCq4cicsSlIFEV0sClKO9Z+zHHCfCaCKjzUhVDB9K6ZDIghVOq2CDsFefnmVtM6rdq1au7so1a+zOPLoGJ2gM2SjS1RHt6iBmoiiR/SMXtGb8WS8GO/Gx6I1Z2QzR+gPjM8f5xOSeQ==</latexit>

e+e� ! W+W�
<latexit sha1_base64="/jbDTwHpCXzL9lgUKcAcRfRXueo=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSQi1YWLghuXFewDmrRMpjft0EkmzEzEEvorblwo4tYfceffOG2z0NazOpxzL/fcEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmkqkkkKDCi5kOyAKOIuhoZnm0E4kkCjg0ApGt1O/9QhSMRE/6HECfkQGMQsZJdpIPbsE3TPonmNPCxx6AZE47Nllp+LMgJeJm5MyylHv2V9eX9A0glhTTpTquE6i/YxIzSiHSdFLFSSEjsgAOobGJALlZ7PsE3xilD4OhTksYo1n6u+NjERKjaPATEZED9WiNxX/8zqpDq/9jMVJqiGm80NhyrF5dFoE7jMJVPOxIYRKZrJiOiSSUG3qKpoS3MWXl0nzouJWK9X7y3LtJq+jgI7QMTpFLrpCNXSH6qiBKHpCz+gVvVkT68V6tz7moytWvnOI/sD6/AEuRJM+</latexit>

e+e� ! ff̄

<latexit sha1_base64="UetFSAz+1rEQuKYlMWiza9WMnOg=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHZVYo4BLx4jmAcka5idTJIhs7PrTK8QlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVWsRzH9Lzy0m3UHRL7gxkmXgZKUKGWrfw1elFLAm5QiapMW3PjdFPqUbBJJ/kO4nhMWUjOuBtSxUNufHT2b0TcmqVHulH2pZCMlN/T6Q0NGYcBrYzpDg0i95U/M9rJ9iv+KlQcYJcsfmifiIJRmT6POkJzRnKsSWUaWFvJWxINWVoI8rbELzFl5dJ46LklUvlu6titZLFkYNjOIEz8OAaqnALNagDAwnP8ApvzqPz4rw7H/PWFSebOYI/cD5/AJVTjwI=</latexit>

10�3
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350 GeV:   top quark threshold   

550 - 600 GeV:  above the ttH, ZHH thresholds                                

a short run (200 fb-1) gives m(t) to < 50 MeV

Higgs couplings to 1%  in                       2nd! 

top quark EW form factors (SMEFT parameters) to parts per mil 

measurement of top Yukawa in                          to 3% 

measurement of triple H coupling in                           to 20% 

precision study of                            ,                        for global SMEFT fits,  
10’s -TeV BSM sensitivity, CP violation probes       2nd!

<latexit sha1_base64="cqlwvZBA4LP4I9UpidPQBgnEeUU=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bjx4IPHCERNhMbAh3dKFhra7absmZMOv8OJBY7z6c7z5byywBwUnaTKZeS99M2HCmTau++0UNja3tneKu6W9/YPDo/LxSUfHqSK0TWIeq26INeVM0rZhhtNuoigWIad+OLmb+/4TVZrF8sFMExoIPJIsYgQbKz0i30d9E6PmoFxxq+4CaJ14OalAjtag/NUfxiQVVBrCsdY9z01MkGFlGOF0VuqnmiaYTPCI9iyVWFAdZIuDZ+jCKkMUxco+adBC/b2RYaH1VIR2UmAz1qveXPzP66UmugkyJpPUUEmWH0UpRzbiPD0aMkWJ4VNLMFHM3orIGCtMjO2oZEvwViOvk85V1atVa/fXlcZtXkcRzuAcLsGDOjSgCS1oAwEBz/AKb45yXpx352M5WnDynVP4A+fzB01pj24=</latexit>

WW ! H

<latexit sha1_base64="LngCHdQp/9aFc9pB8hIHkrnmtvE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBLHMiFQXLgpuuqxgH9CZlkx6pw3NZIYkI5SxC3/FjQtF3Pob7vwb08dCqwdCDufcy733BAlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSaFOYx7LVkAUcCagrpnm0EokkCjg0AyGNxO/eQ9SsVjc6VECfkT6goWMEm2krn2AoXMKnTPs6Rhr7AVEmq/atYtOyZkC/yXunBTRHLWu/en1YppGIDTlRKm26yTaz4jUjHIYF7xUQULokPShbaggESg/m+4/xsdG6eEwluYJjafqz46MREqNosBURkQP1KI3Ef/z2qkOr/yMiSTVIOhsUJhyPLnVhIF7TALVfGQIoZKZXTEdEEmoNpEVTAju4sl/SeO85JZL5duLYuV6HkceHaIjdIJcdIkqqIpqqI4oekBP6AW9Wo/Ws/Vmvc9Kc9a8Zx/9gvXxDf/UlCo=</latexit>

e
+
e
� ! tt̄H

<latexit sha1_base64="kUHoLbqY1ixR2q/l/SWIXm9QQx8=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEsiUnsseOmxgv3ANi2b7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58ecKe0439ba+sbm1nZuJ7+7t39QsA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf38781iNIxSJxrycxeCEZChYwSrSR+nYBQ+8Cepe4qyP8UKv17aJTcubAq8TNSBFlqPftr+4gokkIQlNOlOq4Tqy9lEjNKIdpvpsoiAkdkyF0DBUkBOWl88On+MwoAxxE0pTQeK7+nkhJqNQk9E1nSPRILXsz8T+vk+ig4qVMxIkGQReLgoRj8+QsBTxgEqjmE0MIlczciumISEK1ySpvQnCXX14lzauSWy6V766L1UoWRw6doFN0jlx0g6qohuqogShK0DN6RW/Wk/VivVsfi9Y1K5s5Rn9gff4AeJ2RqQ==</latexit>

e
+
e
� ! ZHH

<latexit sha1_base64="KGvHrnEP0Xiu64kNeOuV/0Zy8SU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCUFoSkerBQ8GLxwq2KbRJ2Wwn7dLNB7sbpdT+FC8eFPHqL/Hmv3Hb5qCtDwYe780wM89POJPKsr6N3Nr6xuZWfruws7u3f2AWD1syTgWFJo15LNo+kcBZBE3FFId2IoCEPgfHH93MfOcBhGRxdK/GCbghGUQsYJQoLfXMInhl8Cq4q2LseGXHq/TMklW15sCrxM5ICWVo9Myvbj+maQiRopxI2bGtRLkTIhSjHKaFbiohIXREBtDRNCIhSHcyP32KT7XSx0EsdEUKz9XfExMSSjkOfd0ZEjWUy95M/M/rpCq4cicsSlIFEV0sClKO9Z+zHHCfCaCKjzUhVDB9K6ZDIghVOq2CDsFefnmVtM6rdq1au7so1a+zOPLoGJ2gM2SjS1RHt6iBmoiiR/SMXtGb8WS8GO/Gx6I1Z2QzR+gPjM8f5xOSeQ==</latexit>

e+e� ! W+W� <latexit sha1_base64="/jbDTwHpCXzL9lgUKcAcRfRXueo=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSQi1YWLghuXFewDmrRMpjft0EkmzEzEEvorblwo4tYfceffOG2z0NazOpxzL/fcEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmkqkkkKDCi5kOyAKOIuhoZnm0E4kkCjg0ApGt1O/9QhSMRE/6HECfkQGMQsZJdpIPbsE3TPonmNPCxx6AZE47Nllp+LMgJeJm5MyylHv2V9eX9A0glhTTpTquE6i/YxIzSiHSdFLFSSEjsgAOobGJALlZ7PsE3xilD4OhTksYo1n6u+NjERKjaPATEZED9WiNxX/8zqpDq/9jMVJqiGm80NhyrF5dFoE7jMJVPOxIYRKZrJiOiSSUG3qKpoS3MWXl0nzouJWK9X7y3LtJq+jgI7QMTpFLrpCNXSH6qiBKHpCz+gVvVkT68V6tz7moytWvnOI/sD6/AEuRJM+</latexit>

e+e� ! ff̄
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800 - 1000 GeV:   final Higgs Factory stage 

Higgs couplings to <1%  in                       3rd! 

top quark EW form factors (SMEFT parameters) to parts per mil    2nd!,     
resolution of degeneracies in SMEFT fit 

measurement of top Yukawa in                          to 1%       2nd! 

measurement of top Yukawa in                         to few %     3rd! 

measurement of triple H coupling in                           to 10%    2nd! 

precision study of                            ,                        for global SMEFT fits,  
100 -TeV BSM sensitivity, CP violation probes              3rd!

<latexit sha1_base64="cqlwvZBA4LP4I9UpidPQBgnEeUU=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1Bjx4IPHCERNhMbAh3dKFhra7absmZMOv8OJBY7z6c7z5byywBwUnaTKZeS99M2HCmTau++0UNja3tneKu6W9/YPDo/LxSUfHqSK0TWIeq26INeVM0rZhhtNuoigWIad+OLmb+/4TVZrF8sFMExoIPJIsYgQbKz0i30d9E6PmoFxxq+4CaJ14OalAjtag/NUfxiQVVBrCsdY9z01MkGFlGOF0VuqnmiaYTPCI9iyVWFAdZIuDZ+jCKkMUxco+adBC/b2RYaH1VIR2UmAz1qveXPzP66UmugkyJpPUUEmWH0UpRzbiPD0aMkWJ4VNLMFHM3orIGCtMjO2oZEvwViOvk85V1atVa/fXlcZtXkcRzuAcLsGDOjSgCS1oAwEBz/AKb45yXpx352M5WnDynVP4A+fzB01pj24=</latexit>

WW ! H

<latexit sha1_base64="LngCHdQp/9aFc9pB8hIHkrnmtvE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBLHMiFQXLgpuuqxgH9CZlkx6pw3NZIYkI5SxC3/FjQtF3Pob7vwb08dCqwdCDufcy733BAlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSaFOYx7LVkAUcCagrpnm0EokkCjg0AyGNxO/eQ9SsVjc6VECfkT6goWMEm2krn2AoXMKnTPs6Rhr7AVEmq/atYtOyZkC/yXunBTRHLWu/en1YppGIDTlRKm26yTaz4jUjHIYF7xUQULokPShbaggESg/m+4/xsdG6eEwluYJjafqz46MREqNosBURkQP1KI3Ef/z2qkOr/yMiSTVIOhsUJhyPLnVhIF7TALVfGQIoZKZXTEdEEmoNpEVTAju4sl/SeO85JZL5duLYuV6HkceHaIjdIJcdIkqqIpqqI4oekBP6AW9Wo/Ws/Vmvc9Kc9a8Zx/9gvXxDf/UlCo=</latexit>
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Linear vs. circular e+e- machines – Instantaneous luminosities

● High energies ~above tt-threshold 
   Domain of linear colliders
  
●  Low energies e.g. Z-pole 
    Domain of circular machines
    However, ...
    
● Transition region, i.e. HZ threshold 
   Comparable Higgs Couplings uncertainties
   for all proposals (see later)
  
● Linear colliders are more versatile
   to test chiral theory due to polarised
   beams 
 

Figure J. List
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Precision on Z-pole 

arxiv: 1905.00220
● Linear collider with beam polarisation is for

many measurements competitive with circular
colliders despite 1000 times less luminosity on Z pole

● Precise measurement of 
● Around 13 times better than LEP/SLD and a factor three

better than current world average

● Clearly, with O(1000) times less luminosity ILC could 
carry out only a limited Heavy Flavor programme compared 
with FCCee
● … although potential worth another look

arxiv: 1905.00220
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Higgs production at e+e- colliders

● All planned e+e- machines will deliver O(1%) precision on Higgs couplings
● Beam polarisation at LC catches up for smaller luminosity 

● Higher energies increase the precision and allow for measuring the Higgs self-coupling                                         

Arxiv: 2206.08326  Higgs self-coupling measurement
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4-fermion operators in EFT (arxiv:2209.08078)

2f processes bear discovery potential 
Will benefit from polarisation and higher energies

Already ILC250 outperforms FCCee!!!

Two fermion processes

arxiv:1807.02121

Development of EFT Operators

Increased sensitivity to operators 
representing four-fermion interactions 
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Top Yukawa Coupling

 

Higgs Boson 

Elementary Scalar? Composite object?
Top quark

- Higgs and top quark are intimately coupled!
  Top Yukawa coupling y

t 
O(1) !

- Linear collider perfectly suited to study their interaction 

  

Estimation on δyt/yt in 2203.07622 for

√s[GeV] 550 1000

L[ab-1] 4 8

δyt/yt[%] 2.8 1.0

Similar prospects exist for 
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(I)LC or FCCee as next CERN Project? 

● Length (ILC250) << Length (FCCee)
● Cost and environmental footprint?   

90,7km

20-30 km

Linear Collider Facility at CERN FCCee at CERN
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Cost ILC* compared with FCCee 

● TDR: ILC500 costed at 7.6 BILCU* for European site
● ILCU = $US in 2012
● Price tag is in Purchasing Power Parity PPP! 
● Inflation ~35% since 2012

● 2017 staging report*: ILC250 around 5.2 BILCU

● Labour estimate:
● 22.6 Mh for ILC500 and 18.5 Mh for ILC250

● ILC cost does not include cost preceding the ground breaking 
● All would benefit from CLIC work and existing infrastructure 

at CERN 

● ILC assumes one interaction region with push-pull 
● May want to add 2nd interaction region instead

*Arxix:1711.00568

ILC                       FCCee 
     Midterm Review Public V2, May 24

● Total Price tag: 12.8 BCHF 
● 2 experiments w/o top
● Add 2.2 BCHF for 4 exp. and top

● Includes accelerators, injection and
Transfer lines, civil engineering,
technical infrastructure, Experiments
(CERN Contribution) and territorial
development 
● The latter two account for ~450 MCHF
  

It is safe to suppose that the cost of ILC250
is considerably smaller than that of FCCee
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Higgs Factories – Carbon Footprint, Power Consumption and Running Cost 

● Carbon footprint of all LC projects << Carbon footprint of circular machines
● Until ~500 GeV power consumption remains in ball park of current CERN power consumption
● Estimated operation cost for ILC ~390 MILC (plus 700-1000 FTE)

● Compare with 1.3 BCHF for FCCee as estimated by German BMBF 

PRX Energy, 2, 047001 

arxiv: 2306.02837 
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Summary and Conclusions

● Input by ILC250 to understanding of electroweak symmetry breaking (at least) equal to FCCee
● ILC250 adds strong input for 500 GeV and above
● A circular machine may deliver complementary input  

● Cost an environmental footprint for (I)LC smaller than for FCCee
● IDT task force is working on an updated costing for ILC (250-350-550), 
  with a review envisaged for December 2024, public in January 2025

● (I)LC can be built within the CERN budget
● … and would not preclude the development of advanced accelerator facilities
● … and would allow CERN to maintain a divers and rich physics programme  



Backup
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e+e- Physics program 

m
Z

ee->ZH

tt-threshold

Higgs via W-fusion

  tth-threshold 1 TeV2xm
W

● All Standard Model particles within reach of planned e+e- linear colliders

● High precision tests of Standard Model over wide range to detect onset of New Physics

● Machine settings can be “tailored” for specific processes
● Centre-of-Mass energy 
● Beam polarisation (straightforward at linear colliders)

● Background free searches for BSM through beam polarisation 

New Physics

... Energy reach of LC 
Energy reach of CC 

  ee->ZHH
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Linear Electron Positron Colliders - ILC

Energy: 0.1 - 1 TeV
Electron (and positron)

polarisation
TDR in 2013

+ DBD for detectors
Footprint 31 km

Initial Energy 250 GeV – Footprint ~20km

Under discussion in Japanese Gouvernment and international community
 

● Since 2020 ILC Development is organised within 
International Development Team
https://linearcollider.org/team/

ILC Nine-Cell SRF Cavity

Design Gradient: 31,5 MV/m 
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ILC – More than a collider

● The colliding beam experiments can be complemented with a 
series of fixed targat experiments
● Enabling nuclear, hadron physics experiments and resources

for accelerator development
● Material science?

● Details see 2203.07622

Light axion search at LUXE and ILC
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How to make progress?

1) Collisions at energies well above the electroweak scale
     - Requires now and in the foreseeable future Hadron colliders
     - Direct production of new particles 
     - Produce large number of rare particles and study rare decays    
     - First precision measurements of key particles of electroweak theory
-> High energy, High luminosity LHC

2) e+e-Collisions at energies at the electroweak scale and above
      - Probe the electroweak scale with high precision
      - ... in particular particles that carry the “imprint of the Higgs Field 
        such as W, Z and top” 
-> LC 

3) e+e- collisions at 'smaller' energies 
     - Requires high luminosity to get sensitive to tiny quantum effects
-> SuperKEKB
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ILC Running Scenarios

In 2019 – Revision of capabilities to run on the Z Pole - GigaZ

● Pole running can happen before and after the
luminosity upgrade 

● Further details see arxiv: 2203.07622

arXiv:1506.07830
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New physics?

Observables at fixed mass m
(e.g. Z pole of Higgs decays)

Increasing UV scales probed in EFT
achieved solely by increasing the 
measurement precision 
c

6
 ~ (g*)2

Typical experimental precision 0.1-1%

High energy tails of distributions 
(e.g. Drell-Yan Productions

Increasing UV scales probed in EFT
achieved solely by increasing the 
energy scale of measurement precision

Typical experimental precision 10%

EFT: Two distinct observations

A. Falkowski, Journée Grands Accél., LAL
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ILC Baseline and  the Upgrades 

1

Energy upgrades: 
• 500GeV (31.5 MV/m Q0=1 x 1010)

- 1TeV (45 MV/m Q0=2 x 1010, 300 MW) 
    - more SCRF, tunnel extension

*
Further energy upgrades can be realized by
- Nb3Sn cavity (>80MV/m)
- Nb Traveling Wave (TW) structures  
     (>70MV/m)



2

Nb3Sn / multilayer cavity for the future upgrade

SRF cavity
• Bsh = practical limit for SRF

• Bssh-Nb :      210 mT
• Bssh-Nb3Sn :  430mT

Nb3Sn Potential in high-G future Nb3Sn progress at Fermilab.
S. Posen et al., SUST, 34, 02507 (2021)

x2

>80 MV/m in future

Courtesy, S. Posen Nb3Sn multilayer



A new concept for SRF proposed for ILC-3TeV and Helen: 
Traveling Wave (TW) SRF cavity, compared with Standing Wave 

 Red standing wave – High Peak Fields,

Green (acc.) and Blue (Return) Waves are Travelling Waves Lower peak fields,

Guide blue wave in a return wave-guide to avoid SW peak fields 

     – attached to both ends 

Courtesy: H. Padamsee et al., for ILC-3TeV
                   S. Belomestnykh et al., for HELEN

TW: proposed for ILC-3TeV, Helen

SW: TESLA cavity (ILC baseline)

Prototype TW structure  
under test

3

>70 MV/m operation

https://doi.org/10.48550/arXiv.2209.01074

https://doi.org/10.48550/arXiv.2209.01074


Summary of future upgrade using SRF

4

ECM
[GeV]

Gradient 
[MV/m]

Length 
[km]

#of 
cavities

AC power
[MW] *5

Additional material cost 
[MILCU*1] Technology ready

TDR 250 31.5 20.5 ~8,000 ~110 (~5,000 MILCU) ---

TDR 500 31.5 33.5 ~16,000 ~170 +3,000 MILCU ---

TDR 1,000 45 44.5 ~23,000 ~300 +3,000+7,100 MILCU In 10 years

Nb3Sn/multilayer or TW 500 63 20.5 ~8,000*2 ~180*6 ? In 20 years

NB3Sn/multilayer & TW 1,000 126*3 20.5 ~8,000*4 ~260*7 ? In >20 years
*1  based on the ILC TDR and referring the ILC unit as of 2012.
*2 Requires RF source upgrade (x2) + Cryogenic upgrade (~x2) 
*3 Surface discharge etc. can happen at such a high gradient operation 
*4 Requires RF source upgrade (x4) + Cryogenic upgrade (~x4)

*5 further reduction will be done by higher efficiency of cryogenics and RF 
(65%->80%?), etc.
*6 Q0=3e10, 4.5K operation (1/3.5 cryo-power)  
*7 Q0=3e10, 4.5K operation (1/3.5 cryo-power)  and 1ms filling for TW



Topic 4: CLIC/C3 realization of 
full physics program as 
upgrade of ILC250 (S.Stapnes)



CLIC or C3 technologies in a 250 GeV ILC tunnel 

29.11.23 1

Point to consider (not exhaustive):

• Typical parameters for both, with increased gradient significant energy increases can be made in the 
20.5 km available. 

• Different beam structures wrt to ILC imply that most of the equipment need to be replaced including 
(most of) injectors/DRs.

• Crossing angle and laser straightness to be checked. 
• For CLIC adding drivebeam and turn-arounds. The latter is messy. 
• For C3 use of LN2 will probably require a full change of the cryosystem but compatibility should be 

checked (e.g. installation infrastructure as pipes and equipment caverns) ?
• Beamdump specs – 18 MW in ILC TDR 1 for TeV: 

https://agenda.linearcollider.org/event/7889/contributions/42535/attachments/33900/52047/LCWS201
8-ilcmaindump-upload.pdf

• Cost and power – some limited comments 
• Can the ILC SRF modules be re-used ? 

• If this change is done after ILC 550 GeV a ~30km tunnel is available

https://agenda.linearcollider.org/event/7889/contributions/42535/attachments/33900/52047/LCWS2018-ilcmaindump-upload.pdf


ILC parameters 

29.11.23 2

Not laser straight, crossing angle 14 mrad, DR’s large (3.2km), maybe not ”conventual” e+ 
system available as used in CLIC/C3, cryo (relevant for C3?) 



29.11.23 3

CLIC to 3 TeV

Comments:
• CLIC damping rings are ~350m, might be possible to re-use ILC DRs (3.2km) 
• Drivebeam complex is needed on surface
• Tunnel well suited but the drivebeam turn-arounds need to be added 
• It is laser straight 
• Around 1000 GeV can be reached in 20.5 km
• Power likely in 250 MW range 



4

Cryogenic temperature (LN2 at 80k) elevates gradient 
performance, can parts of the ILC cryo-system be used ? 

C3 Main Linac Cryomodule
9 m (600 MeV/ 1 GeV)Comments:

• C3 damping rings are ~900m, might 
be possible to re-use ILC DRs 

• Tunnel well suited 
• More than 1500 GeV can be 

reached in 20.5 km (but 7500 
klystrons?) 

• Power likely in 350-450 MW range
• The two latter can be optimised ...  



home.cern



Personnel estimate, cost, power – Higgs factories 

29.11.23 6

One FTEy estimated to 200kUS$ 

Detailed PBS/WBS based reviewed number exists 
for ILC and CLIC, but not yet consistently updated to 
2023 including currency changes and inflation –
nevertheless good agreement 

This estimate from the Snowmass process includes 
personnel costs (usually kept separate, e.g. ILC and 
CLIC) 
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RELIC upgrade of ILC250 
and physics need for higher luminosity

Vladimir N Litvinenko
Stony Brook University 

Global Vision for an LCF discussion session at LCWS



ReLiC – Recycling Linear Collider   

• Reusing electron and positron beams beam cooled in damping rings provides for natural polarization of both beam via Sokolov-Ternov 
process. Depolarization in the trip between damping ring is minuscular, which would provide for high degree of polarization. With lifetime 
~ 10 hours, necessary replacement of electrons and positrons is at 1 nA level – this is major advantage of ReLiC

ReLiC collider recycles polarized electrons and positrons

• Flat beams cooled in damping rings with “top off” to replace burned-off particles
• Bunches are ejected with collision frequency, determined by the distance between beam separators  

• Beams are accelerated on-axis in SRF linacs collide in one of detectors
• After collision at the top energy, they are decelerated in the opposite linacs

• Bunch trains are periodically separated from opposite beam, with accelerating beam propagating on-axis
• Decelerated beams are injected into cooling rings

• After few damping times the trip repeats in the opposite direction and beams collide in a detector located in the opposite branch of the 
final separator …..
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Physics: Energy and Luminosities reach

3
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C 
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FCC ee

CERC-30

CLIC

ReLiC

CERC-100

LHC CERC 30 MW / ERLC

10
0 

km
 C

ER
C

q Main features
q Recycling used particles - no need for high intensity positron source
q Energy recovery
q High luminosity – important for for high precision physics and investigating low-

cross-section branching channels
q High polarization of both electron and positron beams
q Low beamstrahlung offers high accuracy in collision energy
q Very small energy spread: important for high precision physics , including but ton 

limited to direct channel e+e-àH at √s=125 GeV 
q ReLiC be extended to few TeV c.m. energy in the future

ERLs could offer luminosity boosts 
from 40 to 200 at HIGS energy

LHC CERC 100

FCCFCCv
v

125        Direct HIGS production e+e-àH

*ReLiC

Figure is courtesy of David d’Enterria



ReLiC parameter in the ILC tunnel
Main assumptions
ü This collider with benefits from CW operation:

ü Very high luminosity
ü Accuracy and stability of beam energy
ü Orbit stability and feedback
ü Low energy spread

ü Tesla type 5-cell HOM damped SRF cavities
ü 12.5 MV/m real estate gradient, 19 MV/m acceleration 

gradient, Q=4×1010

ü 2 x 10 km linacs with separators in the ILC tunnel –
Note: fitting in 2x 7.5 km ILC-250 will require 35% more 
AC power for cryogenics

ü Nominal c.m. energy – 250 GeV with extension to 500 GeV 
and above (either increasing Q or refrigerator efficiency)

ü Staging by increasing energy from Z-pole at 90 GeV, to direct 
H production at 125.35 GeV, W+W- at 160 GeV and HZ at 
240-250 GeV

ü At this – relatively low energies for linear collider – main 
power consumption is coming from the synchrotron radiation 
needed to cool used e+ and e- beam after the collisions

ü Improving efficiency of He refrigerators and razing Q of the 
SRF cavities are critical to get to higher energies and 
reducing power consumption 4

At !	=240 GeV and below the ReLiC power consumption is 
dominated by compensating for SR losses in damping ring – i.e. it is 
proportional to the ReLiC’s luminosity 

Power consumption at top luminosity 4×1036 cm-2 sec-1 at Q=4×1010

Physics Ec.m.. GeV Cryo, MW Damping Rings, MW Others, MW Total. MW
Z 91.2 34 274 6 314
H 125.35 47 274 7 328

W+W- 160 60 274 10 344
HZ 240 90 274 13 377

HHZ 500 188 283 25 496
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ReLiC	power	consumption	vs	Luminosity
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ILC at L= 
2×1034 

cm-2 sec-1 Copied from F. Zimmerman's talk

ReLiC
CERC

ReLiC would have superb 
efficiency measured in Lumi/MW



Summary

• ReLiC can be a natural option for upgrading ILC using SRF 
linac option capable of operating at high average currents

• It can be initially used for Z, WW and direct HIGS 
production physics and later extend to HZ channel, t-tbar, and 
ZHH

• To make the upgrade smooth, ILC should use SRF cavity 
with HOM damping and provide room for separators (~ 15-
20 m between 250 meter sections of SRF linac)

• One of possible challenges is angle between linacs used in 
ILC

5

FCC ee

CERC-30

CLIC

ReLiC

CERC-100
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6. Realizations of the full program with 
plasma wakefield

B. Foster, LCWS Tokyo, 7/24 1

B. Foster, Oxford/DESY



HALHF Concept

2

e-
e+
e+ BDS
e- BDS• Exploit high gradient of e- acceleration in PWFA and avoid 

difficulty of e+ acceleration by using conventional RF linac, reducing cost by 
low E(e+) (31 GeV)=> high E(e-) (500 GeV), boost g ~ 2.7  => ECM ~ 250 GeV.

• Reduce running costs by increasing current I(e+) and reducing I(e-); this & 
asymmetric emittance (increased for e-) ease PWFA requirements.

• ~ 400m length PWFA stage ( PWFA gradient~ 6.4 GV/m; <gradient>~ 1.2 
GV/m) => facility length ~ 3.3 km and cost ~ ¼ of ILC/CLIC - $1.9B (2022 $).B. Foster, LCWS Tokyo, 7/24



Outline of Upgrade Suite
• Energy upgrade to ttbar (380 GeV). 

B. Foster, LCWS Tokyo, 7/24 3

• 47.5 GeV positrons / 760 GeV electrons(same # of stages, same boost)
• => +130 m PWFA linac; Added cost ~23%; >~25% more power.

• Energy upgrade to Higgs self-coupling, ttH
Yukawa (550 GeV). 

• 68.5 GeV positrons / 1.1 TeV electrons(same # of stages, same boost;

• => Roughly 48% increase in cost cf Higgs factory; power increases by 
90 MW to 190 MW.

• gg & Multi-TeV



ILC Energy Upgrade a la HALHF 

B. Foster, LCWS Tokyo, 7/24 4

• Basis: ILC250 Higgs factory ⇒ 2x125GeV linacs available

• Apply HALHF concept: 
Collide plasma accelerated electrons with 
conventionally accelerated positrons

• Upgrade electron arm to 500GeV with plasma
⇒ 137.5 x 550GeV ⇒ 550 GeV CME
⇒ upgrade a higgs factory to a tth / Zhh factory

• Reduce electron linac energy by 4 to 34.4GeV  

• Drive 16 stage plasma accelerator

• Use space for undulator source between electron ML 
and BDS to install plasma booster

• Feed boosted electrons into existing BDS
(already laid out for 500GeV)

Space for 
plasma booster

E- (drive) E- (Collide) E+

Beam energy GeV 34.4 34.4 → 550 137.5

Linac Gradient MV/m 8.7 35

CoM energy GeV 550

Bunch charge nC 4.3 1.6 6.4

Bunches/pulse 10496 656 656

Rep rate Hz 5

Beam power MW 8.0 0.18 → 2.9 2.9

Lumi (approx.) cm-2s-1 ~ 1 · 1034

(B. List idea)
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• Requires 3x more klystrons than in baseline 
configuration (baseline: 2 klystrons for 9 
cryomodules) -> fits RF cell structure

• Can’t inject DB @ 15 GeV - $$$ - so separate DB &CB

• CB Bunch length is a challenge:
shorter bunches in DR or low-emittance source 
without DRs, same as HALHF?

• Positron source very challenging: undulator requires 
very high yield, alternative (e-driven) has no 
polarisation

4.6ns

1662ns
74ns

Overall: 656 mini trains in pulse -> pulse length 1090us

Plasma booster



To infinity & beyond…

B. Foster, LCWS Tokyo, 7/24 6



Summary & Outlook
• HALHF + plausible upgrades can reach into the multi-TeV range
• A “HALHF” type plasma booster for ILC 250 could boost the CoM energy 

to ~550 GeV -> enough to reach tth threshold
• Overall beam intensity would be half compared to ILC250 or full ILC500

-> half of luminosity
• Compared to full ILC500 further luminosity reduction from larger emittance / 

asymmetric beams -> needs to be studied
• BDS of ILC designed for 500GeV beams 

-> should work
• Bunch Compressors are an issue
• US work oriented towards 10 TeV frontier

B. Foster, LCWS Tokyo, 7/24 7



Topic 7: Beyond-collider 
program (M.Nojiri)



• ILC is Ultimate High intensity Frontier: 4x1021 EOT /year 
(2.6MW)   Rich physics program.  

•  SHiP: 1020  POT for 5 years 

• Large energy/particles will be discarded at the beam dump 
Concerns on public Image.. my dream is ERL 

• Increasing “theoretical demand” to look for light dark sector as 
Heavy dark matter searches advance.  (Axion, Dark sector 
particles, Heavy neutrino.. ) Active field involving many 
experiments.  

• SHiP approval:  potential  resource of simulation/experience/
detector of $108.  

• Other ideas  (non-linear QED,  neutron and muon source : see 
Sakaki-san’s talk )

Topic 7 Beyond-collider program  15 27. Dark Matter

Figure 27.1: Upper limits on the SI DM-nucleon cross section as a function of DM mass.

ton or ALP absorption, solar neutrinos will also limit the sensitivity to DM masses in the range
≥(1-103) MeV and ≥(1-103) eV, respectively, for large exposures ≥1 t y, as shown in Ref. [145].

Solid-state cryogenic detectors: Current experiments using the bolometric technique (see
Section 36.5 of this Review), together with either charge or light readout, are SuperCDMS (Si,
Ge) at Soudan, EDELWEISS (Ge) at the Laboratoire Souterrain de Modane (LSM) and CRESST
(CaWO4) at the Laboratori Nazionali del Gran Sasso (LNGS). These experiments are optimised for
low-mass DM searches, and can probe masses down to ≥0.2 GeV. CDMSlite also operates detectors
at higher bias voltages to amplify the phonon signals produced by drifting charges and thus have
access to light DM around 1.5 GeV. The goal of their future phases is to probe the low-mass
region down to cross sections of 10≠43-10≠44 cm2. Much smaller, gram-scale versions of cryogenic
detectors can have single-charge resolution and thus probe low-mass DM via inelastic electron
recoils. A SuperCDMS single-charge sensitive Si detector placed upper limits on DM interacting
with electrons for masses between (0.5 ≠ 104) MeV, as well as on dark photon kinetic mixing for
dark photon masses in the range (1.5 ≠ 40) eV. With Ge crystals operated at Soudan, SuperCDMS
constrained dark photons and ALPs in the mass range 40 eV to 500 keV.

Germanium ionisation detectors operated at 77 K can reach sub-keV energy thresholds and low
backgrounds, but lack the ability to distinguish electronic from nuclear recoils. The CDEX-10
experiment, located at the China Jinping Underground Laboratory (CJPL), uses p-type, point-
contact Ge detectors operated in liquid nitrogen, and probes DM masses down to 3 GeV. It also
reported constraints on the kinetic mixing of dark photons in the mass range 0.1-4.0 keV. The neu-
trinoless double beta experiments Majorana Demonstrator and GERDA have obtained constraints
on the couplings of ALPs and dark photons to electrons, with masses between (6-100) keV and
(60-1000) keV, respectively.

Noble liquids: Liquid argon (LAr) and liquid xenon (LXe) are employed as DM targets, while
R&D on liquid helium and neon is ongoing. We refer to Ref. [146] for a review of the liquid noble
gas detector technology in low-energy physics, as well to Section 36.4 of this Review. At present
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Figure 2
Dark photon decay into visible final states: ε versus mA′ . Filled areas indicate existing limits from searches at
collider/fixed-target experiments [A1 (114), LHCb (115), CMS (116), BaBar (117), and NA48/2 (122)] and
old beam dump experiments [E774 (65), E141 (64), E137 (63, 103, 123)), NuCal (66, 67), and CHARM
(124)]. Bounds from supernovae (125) and (g − 2)e (44) are also included. Colored curves indicate projections
for existing and proposed experiments: Belle II (105), LHCb upgrade (126, 127), NA62 in dump mode (14)
and NA64++

e (81), FASER and FASER 2 (91), DarkQuest (85), HPS (128), Mu3e (130), and HL-LHC (131).
Figure adapted with permission from Reference 112; copyright 2021 Springer Nature Switzerland AG.

in dump mode (14) and NA64++
e (81) at the SPS, FASER and FASER 2 (91) at the LHC, Dark-

Quest (85) at Fermilab, HPS (128) at Jefferson Lab, DarkMESA (129) at Mainz, and the Mu3e
experiment at PSI (130). For masses above ∼100 GeV, projections are obtained for ATLAS/CMS
during the high-luminosity phase of the LHC (131).

From Figure 2 it is apparent that collider-based and beam dump experiments cover a fully
complementary region in the parameter space: Collider experiments are mostly sensitive to rel-
atively large couplings and masses, and beam dump experiments are sensitive to lower couplings
and masses below the order of a few GeV. The motivated range for ε of 10−5 to 10−3 and masses
less than 1 GeV will be covered in the short future mostly by LHCb, HPS, and Mu3e. Proton
beam dump experiments (NA62 in dump mode, DarkQuest, and possibly SHiP) will push the
exploration below ε ∼ 10−5.

5.1.3. Millicharged particle production. Millicharged particles arise, as discussed in Sec-
tion 2.2.2, in the case of a massless dark photon because the rotation of the mixing term leaves
the photon coupled to the dark sector particles χ with strength εe′. Searches are accordingly pa-
rameterized in terms of the mass mχ and the electromagnetic coupling (modulated by ε) of the
supposedly millicharged dark sector particle.

The physics of stellar evolution for horizontal branches, red giants, and white dwarves (132),
together with supernovae (133), provides bounds in the region of small masses (mχ < 1 MeV). In
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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

Large number of interaction between photons/electon to proton/neutron which induce  
huge  number of Heavy flavor particles as well   

Pythia8

complexity  
γN interaction for c, b production  
(data back in  80’s )  
energy loss of charged mesons 

muon :Background source 

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

Heavy particle from γN interactions 
Light particle couple to  
photon and electron

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

NP from τ、D, B decay
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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
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detector model with long muon sheild 
( you lose sensitivity in short distance with 

never ending muon background )

Estimating Physics Outputs 

neutrino background  
can be serious 



Learning from  
SHiP(Search for Hidden Particle)

The SHiP experiment at the proposed CERN SPS Beam Dump Facility 3

Fig. 1 Overview of the SPS Beam Dump Facility with the SHiP experimental area.

Fig. 2 Overview of the SHiP experiment as implemented in the GEANT4-based [6] physics simulation.

Physics model Final state

HNL, SUSY neutralino `±p⌥, `±K⌥, `±r⌥(r⌥ ! p⌥p0)
DP, DS, ALP (fermion coupling), SUSY sgoldstino `+`�

HSDS DP, DS, ALP (gluon coupling), SUSY sgoldstino p+p�, K+K�

HNL, SUSY neutralino, axino `+`�n
ALP (photon coupling), SUSY sgoldstino gg
SUSY sgoldstino p0p0

LDM electron, proton, hadronic shower
SND nt , nt measurements t±

Neutrino-induced charm production (ne,nµ ,nt ) D±
s , D±, D0, D0, L+

c , Lc
�

Table 1 Summary of the physics models and final states (`= e,µ,t) that the SND and the HSDS detectors are sensitive to (HNL=Heavy Neutral
Lepton, DP=Dark Photon, DS=Dark Scalar, ALP=Axion-Like Particle, LDM=Light Dark Matter).

mal compromise between a high field gradient and low in-
put power, the latter required to reduce the space required for
the coils. The technology studies indicate that it is safe to as-
sume an average field of 1.7T including the magnetic-core
packing factor. The optimisation of the muon shield [11, 12]
has been performed with machine learning using a Bayesian
optimisation algorithm and fully simulated muons from the

beam-dump target by GEANT4 [6]. Under the assumption
that the muon shield is composed of six magnets whose ge-
ometry is described by a total of 42 parameters, the algo-
rithm simultaneously minimises the muon background rate
in the HSDS and the total mass of the shield magnet yokes.
The input parameters describing the muon flux out of the
target in the simulation were tuned to measured data with

Figure 2. Cross section at y=0 shows the principle of magnetic shielding. The magnetic field is along the
y-axis, and its polarity is indicated by the blue/green color of the iron poles of the magnets. The trajectories
of a 350 GeV/c muon and 50 GeV/c muon are shown with a full and dashed line, respectively.

converted to a smooth function to allow the optimization to sense that it moves all µ+ out
of the acceptance of the last tracking station. Hence, with |y | < 5 m, their x-position is
converted into �µ+ =

p
(5.6 � (x + 3.))/5.6 for �3 < x < 2.6 m, else �µ+ = 0;

• A = 1. � L/100: Approximately the relative acceptance of a new long lived particle in a
benchmark scenario, where L is the length of the shield in m;

• W : Weight of the shield in tonnes of iron;

• The sum is taken over all muons.

The optimization uses Minuit [12] to minimize penalty function (3.1) by varying the size of the
magnets. Only muons with p(µ) > 1 GeV/c at the last tracking station are considered as background
muons, since only larger momentum tracks will be used in the searches. Magnet transverse sizes
are only allowed to vary by quanta of 1 cm. Magnet length sizes are only allowed to vary by quanta
of 10 cm. To assure that a muon which traverses the same geometry returns the same contribution
to the penalty function the tracing of each muon is always started with a random number seeded by
its momentum. For simplicity, the optimization is made with seven magnets. Future work will try
to vary the number of magnets. The first two magnets after the beam dump are also required for
radiation protection and their lengths are fixed to 1.4 and 3.4 m respectively, their gaps are fixed to
2 cm and they have the same height at either end of each magnet.

Muons have been generated with Pythia [5, 7], corresponding to ⇠ 1010 POT, and the Minuit
SIMPLEX function varies 41 parameters to minimize the penalty function. After convergence,

– 4 –

• Reduce the muon going 
though the shield

• Add surrounding  detector 
to the decay volume.

communication with existing experiments are highly important  
Large investments of full simulation/detector development  

 has been made already 

from 2030~ 

total cost of order of  
0($10^8) 
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d
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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>

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

• An irradiation field suitable for studying soft errors in integrated circuits, etc. 
➡ Industrial applications of the ILC

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

From Sakaki-san’s slide 
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• ILC “High intensity frontier” .  Extend the projected limit of 
SHiP significantly.  

• various experiments has been contributing to the similar 
searches already.  Forward and beam dump activity of the on-
going experiments are potential  resource of simulation/
experience/detector 

Topic 7 Beyond-collider program  
Water
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Figure 2
Dark photon decay into visible final states: ε versus mA′ . Filled areas indicate existing limits from searches at
collider/fixed-target experiments [A1 (114), LHCb (115), CMS (116), BaBar (117), and NA48/2 (122)] and
old beam dump experiments [E774 (65), E141 (64), E137 (63, 103, 123)), NuCal (66, 67), and CHARM
(124)]. Bounds from supernovae (125) and (g − 2)e (44) are also included. Colored curves indicate projections
for existing and proposed experiments: Belle II (105), LHCb upgrade (126, 127), NA62 in dump mode (14)
and NA64++

e (81), FASER and FASER 2 (91), DarkQuest (85), HPS (128), Mu3e (130), and HL-LHC (131).
Figure adapted with permission from Reference 112; copyright 2021 Springer Nature Switzerland AG.

in dump mode (14) and NA64++
e (81) at the SPS, FASER and FASER 2 (91) at the LHC, Dark-

Quest (85) at Fermilab, HPS (128) at Jefferson Lab, DarkMESA (129) at Mainz, and the Mu3e
experiment at PSI (130). For masses above ∼100 GeV, projections are obtained for ATLAS/CMS
during the high-luminosity phase of the LHC (131).

From Figure 2 it is apparent that collider-based and beam dump experiments cover a fully
complementary region in the parameter space: Collider experiments are mostly sensitive to rel-
atively large couplings and masses, and beam dump experiments are sensitive to lower couplings
and masses below the order of a few GeV. The motivated range for ε of 10−5 to 10−3 and masses
less than 1 GeV will be covered in the short future mostly by LHCb, HPS, and Mu3e. Proton
beam dump experiments (NA62 in dump mode, DarkQuest, and possibly SHiP) will push the
exploration below ε ∼ 10−5.

5.1.3. Millicharged particle production. Millicharged particles arise, as discussed in Sec-
tion 2.2.2, in the case of a massless dark photon because the rotation of the mixing term leaves
the photon coupled to the dark sector particles χ with strength εe′. Searches are accordingly pa-
rameterized in terms of the mass mχ and the electromagnetic coupling (modulated by ε) of the
supposedly millicharged dark sector particle.

The physics of stellar evolution for horizontal branches, red giants, and white dwarves (132),
together with supernovae (133), provides bounds in the region of small masses (mχ < 1 MeV). In
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Topic 8: Implications for 
exploring the 10 TeV parton 
energy scale (D.Schulte)



D. Schulte                        Path to 10 TeV pCM, July 2024 

Considerations on the Path to 10 TeV pCM

Comments:
• Hope they are useful to trigger discussions
• If this is deemed useful one would need to have a team make concrete timelines for the scenarions and put 

up to date cost numbers if they become available in time

1
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D. Schulte                        Path to 10 TeV pCM, July 2024 

Contenders
Hadron colliders
• FCC-ee and SPPC
• Fast-track version of FCC-hh with lower performance magnets (aggressive assumption 2050+)

CLIC
• 2-3 TeV is mature but is only a step toward 10 TeV pCM

Muon collider
• Important R&D required for cost, power consumption, performance and risk
• Staged approach aims at collider by 2050

• Needs strong funding

Plasma-based linear collider
• I think these are not very mature and need inventions to become a realistic option

2



D. Schulte                        Path to 10 TeV pCM, July 2024 

Current Highest-energy Ambitions
The US has the ambition of a 10 TeV pCM collider
• Muon collider, proton collider, plasma-based collider

Europe has the ambition of a highest-energy collider
• After the higgs factory
• FCC-hh
• Muon collider and CLIC as other options

China has the ambition to go to the high-energy frontier in the long run
• With SPPC following CEPC

There is potentially sufficient complementarity between a 10 TeV pCM lepton and a 10 pCM proton collider to 
want to build both, even if expensive
The complementarity between 3-10 TeV pCM lepton and proton colliders should be clearly established
• Also considering an earlier higgs factory

3



D. Schulte                        Path to 10 TeV pCM, July 2024 

Role of Higgs Factory
The community wants a higgs factory as a first step
• Will explore important questions and may point to new physics
• A higgs factory is currently considered in Japan (ILC), China (CEPC) and Europe (FCC-ee, LC at CERN)
• Need additional budget for CEPC, ILC and FCC, but probably not for linear collider at CERN
• The highest-energy facility would have to come after the higgs factory if it where in the same region

Note: I think that Europe will strive to maintain CERN as a leading laboratory with continued or increased budget

Catch:
Higgs factory results are unlike available when a decision for 10 TeV has to be taken
• Most optimistic is CEPC approved 2025, ready 2035, results 2040
• Lead time 15-20 years if sufficient preparation has been done

Consideration:
• We should strive to move toward the highest-energy facility with the largest discovery potential

4



D. Schulte                        Path to 10 TeV pCM, July 2024 

Scenarios
Higgs factory in China
• CERN could go directly for a highest-energy collider

• Fast-track FCC-hh, requires competitive spirit because of SPPC
• Muon collider
• Linear collider (limit in reach, I guess only if other options fail because of cost or maturity)
• FCC-ee (seems late competition to me)

• US could go for any 10 TeV pCM, but muons probably best option
• Japan might still maintain ILC
• 3-10 pCM collider by 2050 might be possible

Higgs factory in Japan
• CERN could go directly for a highest-energy facility

• FCC-hh
• Muon collider

• The US could compete with CERN or join in the project
• Unclear if China would want to go for SPPC directly
• 3-10 pCM collider by 2050 might be possible

5



D. Schulte                        Path to 10 TeV pCM, July 2024 

Scenarios

Higgs factory at CERN
• China is likely not be interested in particle physics (since did not go for CEPC)
• Japan has not invested in higgs factory
• US could go for a muon collider

• This would allow 3-10 TeV pCM by 2050
• Complementary to or in competition with FCC-hh?
• Maybe can still be followed by FCC-hh at CERN

If US did not go for 10 TeV pCM collider, CERN can follow up later with FCC-hh or a muon collider
• FCC-ee followed by FCC-hh or muon collider
• Linear collider followed by muon collider or FCC-hh
• This would delay 10 TeV pCM to 2070 or so
• If plasma-based collider turns out feasible, this may be an option

6
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Considerations
A sequence of a circular electron and proton collider is attractive
• But a single host has to provide support
• Substantial initial commitment required (and probably implicit for the whole project)

A linear collider and a muon collider can make the scenarios much more flexible
• A linear collider makes the initial project cheaper
• Muon collider is an attractive option in addition to an electron, proton ring sequence

• Allows CERN and the US to have competitive programme if CEPC/SPPC is realized
• Alternatively CERN could go for FCC-hh directly

• Allows the US to to have competitive programme if FCC-ee/FCC-hh is realized
• Fast path to 10 TeV pCM

• If a linear collider is realized, a muon collider can be the 10 TeV pCM stage
• In another site even as a fast path to 10 TeV pCM
• Alternative option is a proton ring

• A muon collider might even replace a proton collider after an electron ring, provided it is cheap enough

7



D. Schulte                        Path to 10 TeV pCM, July 2024 

Example Global Cost Consideration

Numbers from last ESPPU (need to update, ILC similar to CLIC):

a) FCC-ee + FCC-hh = 11.6 GCHF + 17 GCHF = 28.6 GCHF
b) CLIC-380 + FCC-hh = 5.9 GCHF + 24 GCHF = 29.9 GCHF
c) CLIC-380 + muon collider, not known but likely less than FCC-ee+hh
d) FCC-ee + muon collider, may still be cheaper than FCC-ee+hh

Conclusions:
One way: If one believes that FCC-hh will be funded, FCC-ee is cost effective
The other way: If one starts with a linear collider, one will not have to pay more but keep flexibility and one can 
get the initial commitment more easily. However, FCC-hh may be more difficult to obtain.
If one builds a linear collider, one can potentially split the host cost between different regions
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Reserve
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Timeline Considerations

D. Schulte                        Path to 10 TeV pCM, July 2024 10

IMCC Internal

2025 2030 2035 2040 2045 2050 2055 2060 2065

Demonstrator

Decision+preparation
Cell Test Site construction

Test cell components/prototypes
Test cell site operation

Demonstrator construction
Demonstrator installation/operation

Collider

Decision
Preparation

Civil engineering
Installation/commissioning

Initial operation
Shutdown 1

Run 2
Shutdown 2

Run 3

Need at least two years of demonstrator 
operation (better more)
Need RF test stand before

Decision starting in 2036

Estimated10 TeV
construction/installation

Only a basis to start the discussion, will review this year

Different initial estimates for detector
• seem to be fast enough
Buit need to develop robust timeline
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