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Memories worth reviving!

Rodolfo Capdevilla, Fermilab
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Memories worth reviving!

Rodolfo Capdevilla, Fermilab



How we proceed:
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Theory Target

Experimental Target (According to Theory)

Experimental Status (and prospect)

Rodolfo Capdevilla, Fermilab
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1. Higgs Precision

• Theory Target:          Percent Level Higgs couplings!

Matthew Forslund, Patrick Meade, JHEP 01 (2024) 182
P. Andreetto et al, arXiv:2405.19314

Matthew Forslund, Patrick Meade, JHEP 08 (2022) 185
C. Accettura et al., Eur. Phys. J. C 83 (2023) 9, 864

Han, Liu, Low, Wang, Phys. Rev. D 103 (2021) 1, 013002
Buttazzo, Franceschini, Wulzer, JHEP 05 (2021) 219 Higgs precision program COMPLIMENTARY


to that of a Higgs factory!
<latexit sha1_base64="y6+MZPB5ipRpsUQm/iMvuny4+6U=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/caeMsw==</latexit>⇤

Rodolfo Capdevilla, Fermilab
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Vector Boson Fusion (VBF) 
produces a large number of 

Higgs bosons!

• A key feature:

1. Higgs Precision

<latexit sha1_base64="NgWE8hSOBo5S/Gqp8RpRWjMrVCg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBnx+M0Q==</latexit>

H

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ� <latexit sha1_base64="GET4KbvQ47tSGAvNQ+hxby8qflk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDt1+M4Q==</latexit>

X
<latexit sha1_base64="Nz72rFKxOhNKOnTRf83MxA5BeNo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtFeM3w==</latexit>

V
<latexit sha1_base64="Nz72rFKxOhNKOnTRf83MxA5BeNo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtFeM3w==</latexit>

V
<latexit sha1_base64="GET4KbvQ47tSGAvNQ+hxby8qflk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDt1+M4Q==</latexit>

X

<latexit sha1_base64="sQWFRYOPOPTbSpPDeLr8wwhhbhk=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKeqx6MVjBfsB3bVk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho5up336kSrNY3ptxQgOBB5JFjGBjpQdfM4E8/8xXAiVhr1xxq+4MaJl4OalAjkav/OX3Y5IKKg3hWOuu5yYmyLAyjHA6KfmppgkmIzygXUslFlQH2ezqCTqxSh9FsbIlDZqpvycyLLQei9B2CmyGetGbiv953dREV0HGZJIaKsl8UZRyZGI0jQD1maLE8LElmChmb0VkiBUmxgZVsiF4iy8vk9Z51buoune1Sv06j6MIR3AMp+DBJdThFhrQBAIKnuEV3pwn58V5dz7mrQUnnzmEP3A+fwBEdpG2</latexit>

⇠ 1 pb
<latexit sha1_base64="k90BBjbCJlItp18VoxgiK4KR280=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfVY9OJFqGA/oLuWbJptQ5PskmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLuXlPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg98VuPVGkWy3szSmggcF+yiBFsrPTgayaQ5/onvhLotluuuFV3CrRIvJxUIEe9W/7yezFJBZWGcKx1x3MTE2RYGUY4HZf8VNMEkyHu046lEguqg2x69RgdWaWHoljZkgZN1d8TGRZaj0RoOwU2Az3vTcT/vE5qossgYzJJDZVktihKOTIxmkSAekxRYvjIEkwUs7ciMsAKE2ODKtkQvPmXF0nztOqdV927s0rtKo+jCAdwCMfgwQXU4Abq0AACCp7hFd6cJ+fFeXc+Zq0FJ5/Zhz9wPn8AwpCRYQ==</latexit>

⇠ 10M

<latexit sha1_base64="fDNcOtv1Mrss6xgKV4cgLc+zw90=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQymJiHos9uJFqNAvaELZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO820VNja3tneKu6W9/YPDI/v4pK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYFyf+50JlYrFoqmnCfUjPBQsZARrI/Vt23W8iicj1KRtr/KY1vt22ak6C6B14uakDDkaffvLG8QkjajQhGOleq6TaD/DUjPC6azkpYommIzxkPYMFTiiys8Wl8/QhVEGKIylKaHRQv09keFIqWkUmM4I65Fa9ebif14v1eGdnzGRpJoKslwUphzpGM1jQAMmKdF8aggmkplbERlhiYk2YZVMCO7qy+ukfVV1b6rO03W5dp/HUYQzOIdLcOEWavAADWgBgQk8wyu8WZn1Yr1bH8vWgpXPnMIfWJ8/WuqSMA==</latexit>

10TeVMuC
<latexit sha1_base64="J4ghOYcQZWBYayYa7dX/ueathnY=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQoZYZ8bUsunFZwT6gM5ZMmmlDk8yQZIQydOfGX3HjQhG3/oI7/8a0nYW2Hrhwcs695N4TxIwq7TjfVm5hcWl5Jb9aWFvf2Nyyt3caKkokJnUcsUi2AqQIo4LUNdWMtGJJEA8YaQaD67HffCBS0Ujc6WFMfI56goYUI22kjr3vOl7Zkxyi4D49dkfmUYalM688JEiqo45ddCrOBHCeuBkpggy1jv3ldSOccCI0ZkiptuvE2k+R1BQzMip4iSIxwgPUI21DBeJE+enkjhE8NEoXhpE0JTScqL8nUsSVGvLAdHKk+2rWG4v/ee1Eh5d+SkWcaCLw9KMwYVBHcBwK7FJJsGZDQxCW1OwKcR9JhLWJrmBCcGdPnieNk4p7XnFuT4vVqyyOPNgDB6AEXHABquAG1EAdYPAInsEreLOerBfr3fqYtuasbGYX/IH1+QMvIpb5</latexit>

10 ab�1 (5 years)

Public thanks to 
Vladimir Shiltsev for 

reporting luminosity in 
units of ab^-1/year


(so the theorists can 
understand!)

Remember:

Matthew Forslund, Patrick Meade, JHEP 08 (2022) 185

Rodolfo Capdevilla, Fermilab
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P. Andreetto et al, arXiv:2405.19314

Ongoing 10 TeV Studies. 
Similar requirements 

expected due to similar 
kinematics.

3 TeV Study

• Experimental Target:

1. Higgs Precision

Rodolfo Capdevilla, Fermilab
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P. Andreetto et al, arXiv:2405.19314 3 TeV Study

• Status:

1. Higgs Precision

Photon reconstruction

better than the target


by a factor of ~2

Rodolfo Capdevilla, Fermilab
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P. Andreetto et al, arXiv:2405.19314 3 TeV Study

• Status:

1. Higgs Precision
Jet reconstruction


does not look as good

<latexit sha1_base64="BFIy/1uWkEWG1EzqFazHgwooE58=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7Ir1nosevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C7zu09UaRbJRzOLqS/wWLKQEWwyqVEfVIfliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHVauMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrzxUybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE46lzXvuuY+XFWat3kcRTiDc7gADxrQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4ACW6NlA==</latexit>

75%

C. Accettura et al., Eur. Phys. J. C 83 (2023) 9, 864

Rodolfo Capdevilla, Fermilab
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• Prospects:

1. Higgs Precision

Keys for improvement

Tracker Calorimeter

C. Accettura et al., Eur. Phys. J. C 83 
(2023) 9, 864

M. Casarsa Detector concepts/
requirements for a Muon Collider - 
L’INFN e la Strategia Europea per la 
Fisica delle Particelle - May 7, 2023

More info: Weekly MDI meetings 
(Contact Donatella Luchesi)

Rodolfo Capdevilla, Fermilab
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• Object Reconstruction


• High pT


• Forward Tagger


• Disappearing+Soft Tracks


• Displaced Vertices


• Detector Acceptance


• …

Theory Target                                                          Experimental Target

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="POO3n/+wk6EzcXZbuAuQZdOj9R4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7egF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/iGOMwg==</latexit>

9
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2. Heavy Resonances

Korshynska et al., Eur. Phys. J. C 84 (2024) 6, 568 • Direct Z’ searches up to M~Ecm.

• Indirect Z’ searches up to M ~ 2-6 Ecm.

• Theory Target:          Heavy Resonances

Davide Zuliani, Detector concept at 10 TeV, 
Accelerator design meeting

Huang, Queiroz, Rodejohann, Phys. Rev. D 103 (2021) 9, 095005

Rodolfo Capdevilla, Fermilab
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• Experimental Target:

2. Heavy Resonances

Tracking

We need to be able to bend ~3-5 TeV 
particles to measure their momentum 

with high precision

Davide Zuliani, Detector concept at 10 TeV, 
Accelerator design meeting

Rodolfo Capdevilla, Fermilab
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• Status: Where to place the solenoid?

Davide Zuliani, Detector concept at 10 TeV, 
Accelerator design meeting

MuColl_v1 (3 TeV configuration) MUSIC

New detector concepts MUSIC 
and MAIA place the solenoid 

before the calorimeters for better 
resolution of multi-TeV tracks

More info: Larry’s and Kiley’s talks 
(Contact them, or Tova)

2. Heavy Resonances

Rodolfo Capdevilla, Fermilab
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• Status:

• Momentum resolution ~9%

• Mass resolution ~6%

Davide Zuliani, Detector concept at 10 TeV, 
Accelerator design meeting

Tracking

2. Heavy Resonances

Rodolfo Capdevilla, Fermilab
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• Object Reconstruction


• High pT


• Forward Tagger


• Disappearing+Soft Tracks


• Displaced Vertices


• Detector Acceptance


• …

Theory Target                                                          Experimental Target

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="aPN9bkUGM1hhjvrqvCxKr2RS5uE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ68M575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+q3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzB+6kjPc=</latexit>
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3. Forward Physics

• Theory Target:          Invisible Higgs and ZZH/WWH couplings

Matthew Forslund, Patrick Meade, JHEP 01 (2024) 182
Li, Liu, Lyu, PRD 109 (2024) 7, 073009

Matthew Forslund, Patrick Meade, JHEP 08 (2022) 185
Ruhdorfer, Salvioni, Wulzer, PRD 107 (2023) 9, 095038 • BR(inv) comparable to a Higgs factory!


• ZZH coupling comparable to WWH

Rodolfo Capdevilla, Fermilab



19

• Experimental Target:

3. Forward Physics

Detector coverage

Matthew Forslund, 
Patrick Meade, 
JHEP 08 (2022) 185

<latexit sha1_base64="NgWE8hSOBo5S/Gqp8RpRWjMrVCg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBnx+M0Q==</latexit>
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Z

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+

<latexit sha1_base64="oZBB+ojNM5zfmc/15NR3nJVLREA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCBymJinosevFYwX5AE8pms2mX7iZhdyOW0L/ixYMiXv0j3vw3btsctPXBwOO9GWbmBSlnSjvOt1VaWV1b3yhvVra2d3b37P1qWyWZJLRFEp7IboAV5SymLc00p91UUiwCTjvB6Hbqdx6pVCyJH/Q4pb7Ag5hFjGBtpL5d9RQTyD33TpEnBRISh3275tSdGdAycQtSgwLNvv3lhQnJBI014Vipnuuk2s+x1IxwOql4maIpJiM8oD1DYyyo8vPZ7RN0bJQQRYk0FWs0U39P5FgoNRaB6RRYD9WiNxX/83qZjq79nMVppmlM5ouijCOdoGkQKGSSEs3HhmAimbkVkSGWmGgTV8WE4C6+vEzaZ3X3su7cX9QaN0UcZTiEIzgBF66gAXfQhBYQeIJneIU3a2K9WO/Wx7y1ZBUzB/AH1ucPHkCTNA==</latexit>

⇠ 13mrad
<latexit sha1_base64="wgiGtJgtHWocpwD7brC4xDQDvCg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5D4qC6LblxWsA9oQplMJ+3QmSTM3Ag19EvcuFDErZ/izr9x2mah1QMXDufcy733hKngGlz3yyqtrK6tb5Q3K1vbO7tVe2+/rZNMUdaiiUhUNySaCR6zFnAQrJsqRmQoWCcc38z8zgNTmifxPUxSFkgyjHnEKQEj9e2qz4BgX3OJLxz3rN63a67jzoH/Eq8gNVSg2bc//UFCM8lioIJo3fPcFIKcKOBUsGnFzzRLCR2TIesZGhPJdJDPD5/iY6MMcJQoUzHgufpzIidS64kMTackMNLL3kz8z+tlEF0FOY/TDFhMF4uiTGBI8CwFPOCKURATQwhV3NyK6YgoQsFkVTEheMsv/yXtU8erO+7dea1xXcRRRofoCJ0gD12iBrpFTdRCFGXoCb2gV+vRerberPdFa8kqZg7QL1gf35ebkb0=</latexit>

⌘ ⇠ 5.036

Challenging target!

Rodolfo Capdevilla, Fermilab
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• Experimental Target: Beam parameters
Ruhdorfer, Salvioni, Wulzer, Phys. 
Rev. D 107 (2023) 9, 095038

Beam Energy Spread:
<latexit sha1_base64="Rc3gr2IjpHinA4iFx+4MZEU3+JY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCBwkbEfVY9OKxgv2AJpTNdtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtcH42ymtrW9sbpW3Kzu7e/sH1cOjtk4yRVmLJiJR3ZBoJrhkLcONYN1UMRKHgnXC8d3M7zwxpXkiH80kZUFMhpJHnBJjpQ52Pf/cr/erNeziOdAq8QpSgwLNfvXLHyQ0i5k0VBCtex5OTZATZTgVbFrxM81SQsdkyHqWShIzHeTzc6eobpUBihJlSxo0V39P5CTWehKHtjMmZqSXvZn4n9fLTHQT5FymmWGSLhZFmUAmQbPf0YArRo2YWEKo4vZWREdEEWpsQhUbgrf88ippX7jelYsfLmuN2yKOMpzAKZyBB9fQgHtoQgsojOEZXuHNSZ0X5935WLSWnGLmGP7A+fwBfpSOXQ==</latexit>

0.1%

Need to maintain 
reasonable 

energy spread

Beam Angular Spread:
<latexit sha1_base64="rtlrfdASIc1RSqblGpRSDLIJb/c=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg4REpHosevFYwX5AE8pms2mX7iZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMC1LOlHacb6u0tr6xuVXeruzs7u0fVA+P2irJJKEtkvBEdgOsKGcxbWmmOe2mkmIRcNoJRnczvzOmUrEkftSTlPoCD2IWMYK1kXzHrnsXnhRISBz2qzXHduZAq8QtSA0KNPvVLy9MSCZorAnHSvVcJ9V+jqVmhNNpxcsUTTEZ4QHtGRpjQZWfz4+eojOjhChKpKlYo7n6eyLHQqmJCEynwHqolr2Z+J/Xy3R04+csTjNNY7JYFGUc6QTNEkAhk5RoPjEEE8nMrYgMscREm5wqJgR3+eVV0r603brtPFzVGrdFHGU4gVM4BxeuoQH30IQWEHiCZ3iFN2tsvVjv1seitWQVM8fwB9bnDzvmkRw=</latexit>

0.6mrad

3. Forward Physics

Rodolfo Capdevilla, Fermilab
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• Status: Forward muon parameters

M. Casarsa Forward detector and nozzle instrumentation - 
IMCC and MuCol MDI Workshop 2024 - March 12, 2024

Muon Energy Resolution:

Muons entering the nozzles 
pass through ~6 m of tungsten 
and lose on average ~20% of 

their energy.

Daniele Calzolari

3. Forward Physics

Rodolfo Capdevilla, Fermilab
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• Status:

M. Casarsa Forward detector and nozzle instrumentation - 
IMCC and MuCol MDI Workshop 2024 - March 12, 2024

Muons above eta~6.2 will end 
up back inside the pipe

Detector coverage

Back inside 
the pipe?

3. Forward Physics

Rodolfo Capdevilla, Fermilab
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• Prospects: Nozzle instrumentation?

M. Casarsa Forward detector and nozzle instrumentation - 
IMCC and MuCol MDI Workshop 2024 - March 12, 2024

Explore the possibility of 
instrumenting the nozzle or 

even components in the 
machine tunnel!

3. Forward Physics

Rodolfo Capdevilla, Fermilab



Outline

• Higgs Precision


• Heavy resonances


• Forward Physics


• Long-Lived Particles


• …
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• Object Reconstruction


• High pT


• Forward Tagger


• Disappearing+Soft Tracks


• Displaced Vertices


• Detector Acceptance


• …

Theory Target                                                          Experimental Target

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="htO27kPwa3BP04n7LvoMEA4a1nA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB6/WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3lXVvb+s1G/yOIpwAqdwDh7UoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A/S0jPs=</latexit>

17



4. Long-Lived Particles

Han, Liu, Wang, Wang, PRD 103 (2021) 7, 075004

• Doublets and triplets have a thermal mass 
within the kinematic reach of the collider.


• Larger multiplets that account for a fraction 
of the total DM in the Universe can be 
reached as well.

• TheoryTarget:          LLP (Minimal Dark Matter et al.)

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133
Bottaro et al., Eur. Phys. J. C 82 (2022) 1, 31
Bottaro et al., Eur. Phys. J. C 82 (2022) 11, 992
RC, Meloni, Zurita, arXiv:2405.08858 25 Rodolfo Capdevilla, Fermilab

EW multiplets
<latexit sha1_base64="MmDLHludcc2Myg7vquEecHt9iOY=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUBIwVLAwMRZC2qI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g4ux37wnQtKI36phTNwQ9TgNKEZKS555cOOUjsoehh1FQyKhLqtl7+qndEp22bvzzKJVsSaA88TOSBFkqHvmZ6cb4SQkXGGGpGzbVqzcFAlFMSOjQieRJEZ4gHqkrSlHepebTq4ZwUOtdGEQCf24ghP190SKQimHoa87Q6T6ctYbi/957UQFZ25KeZwowvF0UZAwqCI4jgZ2qSBYsaEmCAuq/wpxHwmElQ6woEOwZ0+eJ41qxT6pWNfHxdp5Fkce7IF9UAI2OAU1cAnqwAEYPIAn8AJejUfj2Xgz3qetOSOb2QV/YHx8A9xHmOc=</latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y
<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆

Wino-like

<latexit sha1_base64="66Z/XIKkgKQojhoEHeBO5kekBNw=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQgUpiYq6LLpxWcFeoA1lMp20QyeTMDMRSij4Km5cKOLW53Dn2zhNs9DWHwY+/nMO58zvx5wp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHt9N665FKxSLxoMcx9UI8ECxgBGtj9eyDStr1A+ROTlEG5wack55ddqpOJrQIbg5lyFXv2V/dfkSSkApNOFaq4zqx9lIsNSOcTkrdRNEYkxEe0I5BgUOqvDQ7f4KOjdNHQSTNExpl7u+JFIdKjUPfdIZYD9V8bWr+V+skOrj2UibiRFNBZouChCMdoWkWqM8kJZqPDWAimbkVkSGWmGiTWMmE4M5/eRGaZ1X3surcX5RrN3kcRTiEI6iAC1dQgzuoQwMIpPAMr/BmPVkv1rv1MWstWPnMPvyR9fkD1j+Tdw==</latexit>

(1,3, 0)

Higgsino-like

<latexit sha1_base64="IS0R6Ncyh8XHwqcafcIA5VkZYwg=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCBWkJkXUZdGNywr2Am0ok+mkHTqZhJmJUEI2voobF4q49THc+TZO0y609YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9tJvfVIpWKReNDjmHohHggWMIK1sXr2YTnt+gFyszOUQ9WAe1497dklp+LkQovgzqAEM9V79le3H5EkpEITjpXquE6svRRLzQinWbGbKBpjMsID2jEocEiVl+YHZOjEOH0URNI8oVHu/p5IcajUOPRNZ4j1UM3XJuZ/tU6ig2svZSJONBVkuihIONIRmqSB+kxSovnYACaSmb8iMsQSE20yK5oQ3PmTF6FZrbiXFef+olS7mcVRgCM4hjK4cAU1uIM6NIBABs/wCm/Wk/VivVsf09YlazZzAH9kff4Av86T7A==</latexit>

(1,2, 1/2)

<latexit sha1_base64="+LDFXPvE/gzJpZpaVPHtJswaq/c="></latexit>

�W̃ =

✓
�0
W̃

��
W̃

�+
W̃

��0
W̃

◆
<latexit sha1_base64="6BaJBAcdKZbtSs2GueYVHxsU34o="></latexit>0

@
�+
W̃

�0
W̃

��
W̃

1

A
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• Theory Target:

4. Long-Lived Particles

Doublet, Triplets, Fiveplets (10%)

The 3 TeV collider will be able to 
discover Doublets up to the thermal 
mass as well as Triplet (20%) and 

Fiveplet (1%) states.

The 10 TeV collider will be able

to discover Triplets up to the


thermal mass as well as

Fiveplet (12%) states.

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133
RC, Meloni, Zurita, arXiv:2405.08858

Karri 
DiPetrillo

Rodolfo Capdevilla, Fermilab
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• Experimental Target: Timing

Note: Can high timing 
resolution help to identify the 

parent particle mass?

Mass-dependent algorithm; 
time window defined as a 

function of the mass

<latexit sha1_base64="N9Uok2286KbzmeYP41OE7fD2Ewo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdVj0YvHCvYDu0vJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo8117/wlUCJ7pcrbtWdA60SLycVyNHsl7/8QUxSQaUhHGvd89zEBBlWhhFOpyU/1TTBZIyHtGepxILqIJtfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ea6DrImExSQyVZLIpSjkyMZu+jAVOUGD6xBBPF7K2IjLDCxNiQSjYEb/nlVdK+rHr1qntfqzRu8jiKcAKncA4eXEED7qAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gBWuJAN</latexit>

40 ps
<latexit sha1_base64="y6+MZPB5ipRpsUQm/iMvuny4+6U=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/caeMsw==</latexit>⇤

<latexit sha1_base64="y6+MZPB5ipRpsUQm/iMvuny4+6U=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZ wUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/caeMsw==</latexit>⇤ Higgs studies assume 30-60 ps

4. Long-Lived Particles

RC, Meloni, Simoniello, Zurita, 
JHEP 06 (2021) 133

Rodolfo Capdevilla, Fermilab
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Tracking: angular resolution

Old detector concepts 
with four double layers 

and more recent 
concepts with only one 

double layer show 
required performance!

Vertex Detector

<latexit sha1_base64="/4MQnHR6vLjK/TZVErkFJTmRoCw=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZmYNY9b0IvHCCYRkhBmJ7PJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7/FgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QMlGiGW+ySEb61qeGS6F4EwRIfhtrTkNf8rY/vpz57XuujYjUDUxi3gvpUIlAMApWanVhxIH28wXikkr5vFbFxPVKXnVOiFct1Uq46JI5CmiJRj//3h1ELAm5AiapMZ0iiaGXUg2CST7NdRPDY8rGdMg7lioactNL59dO8YlVBjiItC0FeK5+n0hpaMwk9G1nSGFkfnsz8S+vk0BQ7aVCxQlwxRaLgkRiiPDsdTwQmjOQE0so08LeitmIasrABpSzIXx9iv8nrTO3WHbJtVeoXyzjyKIjdIxOURFVUB1doQZqIobu0AN6Qs9O5Dw6L87rojXjLGcO0Q84b58zkY+P</latexit>

✓

4. Long-Lived Particles

• Experimental Target:
RC, Meloni, Simoniello, Zurita, 
JHEP 06 (2021) 133

Rodolfo Capdevilla, Fermilab
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The power of timing + tracking

4. Long-Lived Particles

RC, Meloni, Simoniello, Zurita, 
JHEP 06 (2021) 133

• Experimental Target:

Rodolfo Capdevilla, Fermilab

Wino is good: Long lifetime


Easily identifiable disappearing tracks!
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The power of timing + tracking

Higgsino is challenging: Short lifetime


Is it possible to extend acceptance below 
the second double layer?


Update: Smart time selection indicates 
that the 10 TeV collider can discover the 

Higgsino (F. Meloni et al)

4. Long-Lived Particles

RC, Meloni, Simoniello, Zurita, 
JHEP 06 (2021) 133

• Experimental Target:

Rodolfo Capdevilla, Fermilab
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Soft Tracks

Need 50% tracking 
reconstruction efficiency 
for sub-GeV tracks in the 

central 60 degree 
acceptance

RC, Meloni, Zurita, 
arXiv:2405.08858

4. Long-Lived Particles

• Experimental Target:

Rodolfo Capdevilla, Fermilab
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• Higgs Precision


• Heavy resonances


• Forward Physics


• Long-Lived Particles


• …
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• Object Reconstruction


• High pT


• Forward Tagger


• Disappearing+Soft Tracks


• Displaced Vertices


• Detector Acceptance


• …

Theory Target                                                          Experimental Target

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="SfPWAAju1n2/u4hWh2hRNUuc2Hk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx6r2FpoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3dfq/XLFrbpzkFXi5aQCOZr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSbtW9S6q7l290rjO4yjCCZzCOXhwCQ24hSa0gEEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH/GtjPk=</latexit>
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D. Buttazzo, R. Franceschini, A. Wulzer, 
JHEP 05 (2021) 219

R. K. Ellis et al., arXiv:1910.11775

Da Liu, Lian-Tao Wang, 
Ke-Pan Xie, JHEP 04 (2024) 084

Hind Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201

5. Other Targets
Heavy Resonances

Rodolfo Capdevilla, Fermilab
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5. Other Targets
Forward Physics

Cari Cesarotti, Gordan Krnjaic, arXiv:2404.02906
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Rodolfo Capdevilla, FermilabPeiran Li, Zhen Liu, Kun-Feng Lyu, JHEP 03 (2023) 231

Huang, Queiroz, Rodejohann, 
Phys. Rev. D 103 (2021) 9, 095005

Hind Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201
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5. Other Targets

Progress on Stau 
displaced vertices

Asadi, Radick, Yu, arXiv:2312.03826

Leo Rozanov, Unconventional Track 
Signatures at a 10 TeV Muon Collider, 
KDP Lab | University of Chicago | 
Muon Colliders

Other Dark Sectors

Rodolfo Capdevilla, Fermilab



Summary

We have discussed a few theory targets, the experimental targets, the status of some experimental searches and 
the prospects for improvements. We saw:


1. Higgs precision: Object reconstruction requirements for percent level measurements of the Higgs couplings 
seem possible under current detector simulations. Prospects for improvement in tracking, timing, calorimetry, 
etc. look promising!


2. Heavy resonances: New detector concepts show high efficiency and mass resolution in the reconstruction of 
multi-TeV resonances.


3. Forward Physics: Challenging! We need to keep trying! Instrumenting new components of the machine?


4. Long-Lived particles: Disappearing track searches look promising. The muon collider will probe electroweak 
multiplets whose neutral component is dark matter. As energy increases 3->10, the collider will probe, Doublets 
(Higgsinos, 100% of DM) via Soft Tracks -> Triplets (Winos, 100% of DM) and Fiveplets (10% of DM) via 
Disappearing Tracks.


5. More targets…

36

Thank You!
Rodolfo Capdevilla, Fermilab


