
Dark sectors at  
fixed-target experiments 

(focused on U.S.-based facilities) 

Nhan Tran 
Fermilab 

Aug 10, 2023 
Windows on the Universe, Rencontres du Vietnam



Dark sectors at  
fixed-target experiments 

(focused on U.S.-based facilities) 

Nhan Tran 
Fermilab 

Aug 10, 2023 
Windows on the Universe, Rencontres du Vietnam

See Matt Citron’s 
complementary talk 

on worldwide efforts! 



Outline

• Motivations and some context 

• How to make the dark sector 

• How to see the dark sector 

• Some unique (, well-motivated but biased, US) examples

2



Outline

• Motivations and some context 

• How to make the dark sector 

• How to see the dark sector 

• Some unique (, well-motivated but biased, US) examples

2

High level reference material: 
Dark Sectors at high intensity Snowmass report: https://arxiv.org/pdf/2209.04671.pdf  

FIPS 2022 report: https://arxiv.org/pdf/2305.01715.pdf



Motivations & context
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4 Cosmic Visions, https://arxiv.org/abs/1707.04591



4 Cosmic Visions, https://arxiv.org/abs/1707.04591



Narrowing the mass range

5 Cosmic Visions, https://arxiv.org/abs/1707.04591

See Céline Boehm’s  
great talk!



Physics drivers
• Dark matter exists 

• Thermal freeze-out DM narrows the mass range to ~MeV-TeV 

• Predictive: relic density provides clear milestones  

• UV insensitive, easily realized 

• WIMP searches — thus far no discovery 

• Dark sectors can solve many experimental/theoretical puzzles 

• Dark sectors mean SM-neutral forces (typically < ~GeV) 

• Can include dark matter 

• For parts of phase space, visible (SM) final states needed for discovery
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Can we develop a comprehensive worldwide 
program for sub-GeV dark sectors? 



Thermal, but not WIMP
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MeV GeV TeVkeV

~100 TeV, 
Violate unitarityBBN boundCDM bound

DIRECT DETECTION

COLLIDER

LHC: DIJETS, MONOJETS, 
SUSY, ETC.

B- 
FACTORIES
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MeV GeV TeVkeV

~100 TeV, 
Violate unitarityBBN boundCDM bound

DIRECT DETECTION

COLLIDER

LHC: DIJETS, MONOJETS, 
SUSY, ETC.

B- 
FACTORIES

WHAT ABOUT THIS 
REGION?

NORMAL MATTER LIVES 
HERE, WHY NOT DM?

+ Curious results… 
muon g-2, proton radius puzzle, MiniBooNE/MicroBooNE 
excess, Xenon-1T excess, flavor anomalies, neutron 
lifetime anomaly

Lee-Weinberg bound,  
light DM requires light mediators 

→ Dark Sectors
FIXED-TARGET  
EXPERIMENTS



Accelerators and complementarity
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Relativistic production of dark sectors is less 
sensitive to loop- or velocity-suppression

Accelerators and complementarity
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How to make the dark sector
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How to make the dark sector 101

Collider Fixed Target

+

Particle beams
e±,p,μ

+

A lot of statistics
(LDM has small couplings)
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In freeze-out: A lighter DM particle means higher 
number density means smaller coupling



How to make the dark sector 101

Collider Fixed Target

+

Particle beams
e±,p,μ

+

A lot of statistics
(LDM has small couplings)

• Electrons/positrons are easy to make and very 
precise 
• You can make a lot of them and control them 

very well 

• Protons make all kinds of stuff, versatile 
production mechanism 
• e.g. mesons, muons, taus, heavy quarks,… 
• Cons: protons make all kinds of stuff, including 

neutrinos 

• Muons are unique window to 2nd generation 
• Heavy (than electrons), clean (minimum ionizing) 
• Cons: muon beams are harder to come by and 

control
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How to “see” the dark sector
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Visible and invisible - a simple schematic

Thermal Dark Matter Targets in the MeV-GeV Range
• Vector (A’) portal most viable; scalar portal 

largely excluded 

• Electron beams are attractive for direct 
production: clean, easy to produce 

• Can either search for visible decays of 
mediator or DM 
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<latexit sha1_base64="IWifQ3hYqUZpmSfjjJLeV2VvHGA=">AAAB73icdZDLSgMxFIbPeK3jrerSTbAIrkpGUetCLLpxWcFeoC0lk2ba0ExmTDJCGQo+gxsXirj1Sdy7821MpxVU9IfAz/efQ845fiy4Nhh/ODOzc/MLi7kld3lldW09v7FZ01GiKKvSSESq4RPNBJesargRrBErRkJfsLo/uBjn9VumNI/ktRnGrB2SnuQBp8RY1GixWHMRyU6+gIuH2Ds5wggXcabMlLwDD3lTUjh7c0/vAKDSyb+3uhFNQiYNFUTrpodj006JMpwKNnJbiWYxoQPSY01rJQmZbqfZvCO0a0kXBZGyTxqU0e8dKQm1Hoa+rQyJ6evf2Rj+lTUTE5TaKZdxYpikk4+CRCATofHyqMsVo0YMrSFUcTsron2iCDX2RK49wtem6H9T2y96uOhd4UL5HCbKwTbswB54cAxluIQKVIGCgHt4hCfnxnlwnp2XSemMM+3Zgh9yXj8B7EKSCw==</latexit><latexit sha1_base64="994krxD012WqPHokA1AXxlXujvE=">AAAB73icdZDLSgMxFIYz9VbHW9Wlm2ARXA2JotaFWHTjsoK9QDuUTJq2oZnMmGSEMvQl3LhQRHDlk7h3I76N6bSCiv4Q+Pn+c8g5J4gF1wahDyc3Mzs3v5BfdJeWV1bXCusbNR0lirIqjUSkGgHRTHDJqoYbwRqxYiQMBKsHg/NxXr9hSvNIXplhzPyQ9CTvckqMRY0WizUXkWwXisg7QPj4EEHkoUyZKeF9DPGUFE9f3ZP4+d2ttAtvrU5Ek5BJQwXRuolRbPyUKMOpYCO3lWgWEzogPda0VpKQaT/N5h3BHUs6sBsp+6SBGf3ekZJQ62EY2MqQmL7+nY3hX1kzMd2Sn3IZJ4ZJOvmomwhoIjheHna4YtSIoTWEKm5nhbRPFKHGnsi1R/jaFP5vanseRh6+RMXyGZgoD7bANtgFGByBMrgAFVAFFAhwC+7Bg3Pt3DmPztOkNOdMezbBDzkvn93Rk38=</latexit><latexit sha1_base64="994krxD012WqPHokA1AXxlXujvE=">AAAB73icdZDLSgMxFIYz9VbHW9Wlm2ARXA2JotaFWHTjsoK9QDuUTJq2oZnMmGSEMvQl3LhQRHDlk7h3I76N6bSCiv4Q+Pn+c8g5J4gF1wahDyc3Mzs3v5BfdJeWV1bXCusbNR0lirIqjUSkGgHRTHDJqoYbwRqxYiQMBKsHg/NxXr9hSvNIXplhzPyQ9CTvckqMRY0WizUXkWwXisg7QPj4EEHkoUyZKeF9DPGUFE9f3ZP4+d2ttAtvrU5Ek5BJQwXRuolRbPyUKMOpYCO3lWgWEzogPda0VpKQaT/N5h3BHUs6sBsp+6SBGf3ekZJQ62EY2MqQmL7+nY3hX1kzMd2Sn3IZJ4ZJOvmomwhoIjheHna4YtSIoTWEKm5nhbRPFKHGnsi1R/jaFP5vanseRh6+RMXyGZgoD7bANtgFGByBMrgAFVAFFAhwC+7Bg3Pt3DmPztOkNOdMezbBDzkvn93Rk38=</latexit><latexit sha1_base64="tFcToVCKpoaUFXXNPnNTmy02eZw=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6KodVd047KCfUA7lEyaaUMzyZhkhDL0J9y4UMStv+POvzGdjqCiBy4czrmXe+8JE8GNRejDW1hcWl5ZLa2V1zc2t7YrO7sto1JNWZMqoXQnJIYJLlnTcitYJ9GMxKFg7XB8NfPb90wbruStnSQsiMlQ8ohTYp3U6bHEcKFkv1JF/inCF2cIIh/lyEkNn2CIC6UKCjT6lffeQNE0ZtJSQYzpYpTYICPacirYtNxLDUsIHZMh6zoqScxMkOX3TuGhUwYwUtqVtDBXv09kJDZmEoeuMyZ2ZH57M/Evr5vaqBZkXCapZZLOF0WpgFbB2fNwwDWjVkwcIVRzdyukI6IJtS6isgvh61P4P2kd+xj5+AZV65dFHCWwDw7AEcDgHNTBNWiAJqBAgAfwBJ69O+/Re/Fe560LXjGzB37Ae/sEfQqQPg==</latexit>

DM SM

Mediator
decay in
experiments

mA0
<latexit sha1_base64="OazFZHn6MKTEDYK5BnZZGQ+s+PY=">AAACAHicbVC7TsNAEDyHVwivAAUFjUWCRBXZaaAM0FAGiTykxFjnyyY55c627taIyHLDr9BQgBAtn0HH33B5FJAw0kqjmV3t7gSx4Bod59vKrayurW/kNwtb2zu7e8X9g6aOEsWgwSIRqXZANQgeQgM5CmjHCqgMBLSC0fXEbz2A0jwK73AcgyfpIOR9zigayS8elaWfdhEeUcn0MrvvxopLyMp+seRUnCnsZeLOSYnMUfeLX91exBIJITJBte64ToxeShVyJiArdBMNMWUjOoCOoSGVoL10+kBmnxqlZ/cjZSpEe6r+nkip1HosA9MpKQ71ojcR//M6CfYvvJSHcYIQstmifiJsjOxJGnaPK2AoxoZQpri51WZDqihDk1nBhOAuvrxMmtWK61Tc22qpdjWPI0+OyQk5Iy45JzVyQ+qkQRjJyDN5JW/Wk/VivVsfs9acNZ85JH9gff4ACVqWqw==</latexit><latexit sha1_base64="OazFZHn6MKTEDYK5BnZZGQ+s+PY=">AAACAHicbVC7TsNAEDyHVwivAAUFjUWCRBXZaaAM0FAGiTykxFjnyyY55c627taIyHLDr9BQgBAtn0HH33B5FJAw0kqjmV3t7gSx4Bod59vKrayurW/kNwtb2zu7e8X9g6aOEsWgwSIRqXZANQgeQgM5CmjHCqgMBLSC0fXEbz2A0jwK73AcgyfpIOR9zigayS8elaWfdhEeUcn0MrvvxopLyMp+seRUnCnsZeLOSYnMUfeLX91exBIJITJBte64ToxeShVyJiArdBMNMWUjOoCOoSGVoL10+kBmnxqlZ/cjZSpEe6r+nkip1HosA9MpKQ71ojcR//M6CfYvvJSHcYIQstmifiJsjOxJGnaPK2AoxoZQpri51WZDqihDk1nBhOAuvrxMmtWK61Tc22qpdjWPI0+OyQk5Iy45JzVyQ+qkQRjJyDN5JW/Wk/VivVsfs9acNZ85JH9gff4ACVqWqw==</latexit><latexit sha1_base64="OazFZHn6MKTEDYK5BnZZGQ+s+PY=">AAACAHicbVC7TsNAEDyHVwivAAUFjUWCRBXZaaAM0FAGiTykxFjnyyY55c627taIyHLDr9BQgBAtn0HH33B5FJAw0kqjmV3t7gSx4Bod59vKrayurW/kNwtb2zu7e8X9g6aOEsWgwSIRqXZANQgeQgM5CmjHCqgMBLSC0fXEbz2A0jwK73AcgyfpIOR9zigayS8elaWfdhEeUcn0MrvvxopLyMp+seRUnCnsZeLOSYnMUfeLX91exBIJITJBte64ToxeShVyJiArdBMNMWUjOoCOoSGVoL10+kBmnxqlZ/cjZSpEe6r+nkip1HosA9MpKQ71ojcR//M6CfYvvJSHcYIQstmifiJsjOxJGnaPK2AoxoZQpri51WZDqihDk1nBhOAuvrxMmtWK61Tc22qpdjWPI0+OyQk5Iy45JzVyQ+qkQRjJyDN5JW/Wk/VivVsfs9acNZ85JH9gff4ACVqWqw==</latexit><latexit sha1_base64="OazFZHn6MKTEDYK5BnZZGQ+s+PY=">AAACAHicbVC7TsNAEDyHVwivAAUFjUWCRBXZaaAM0FAGiTykxFjnyyY55c627taIyHLDr9BQgBAtn0HH33B5FJAw0kqjmV3t7gSx4Bod59vKrayurW/kNwtb2zu7e8X9g6aOEsWgwSIRqXZANQgeQgM5CmjHCqgMBLSC0fXEbz2A0jwK73AcgyfpIOR9zigayS8elaWfdhEeUcn0MrvvxopLyMp+seRUnCnsZeLOSYnMUfeLX91exBIJITJBte64ToxeShVyJiArdBMNMWUjOoCOoSGVoL10+kBmnxqlZ/cjZSpEe6r+nkip1HosA9MpKQ71ojcR//M6CfYvvJSHcYIQstmifiJsjOxJGnaPK2AoxoZQpri51WZDqihDk1nBhOAuvrxMmtWK61Tc22qpdjWPI0+OyQk5Iy45JzVyQ+qkQRjJyDN5JW/Wk/VivVsfs9acNZ85JH9gff4ACVqWqw==</latexit>

m�
<latexit sha1_base64="w5cThhW8S1YUJyvwfWZdwyp2JVQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO6VTHokzGrDsoVv+YvgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfB1mTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbTrtcCvBff1SuMmj6MIZ3AOlxDAFTTgDprQAgIcnuEV3rxH78V79z6WrQUvnzmFP/A+fwA8MY9s</latexit><latexit sha1_base64="w5cThhW8S1YUJyvwfWZdwyp2JVQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO6VTHokzGrDsoVv+YvgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfB1mTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbTrtcCvBff1SuMmj6MIZ3AOlxDAFTTgDprQAgIcnuEV3rxH78V79z6WrQUvnzmFP/A+fwA8MY9s</latexit><latexit sha1_base64="w5cThhW8S1YUJyvwfWZdwyp2JVQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO6VTHokzGrDsoVv+YvgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfB1mTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbTrtcCvBff1SuMmj6MIZ3AOlxDAFTTgDprQAgIcnuEV3rxH78V79z6WrQUvnzmFP/A+fwA8MY9s</latexit><latexit sha1_base64="w5cThhW8S1YUJyvwfWZdwyp2JVQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO6VTHokzGrDsoVv+YvgNZJkJMK5GgOyl/9oSKpoNISjo3pBX5iwwxrywins1I/NTTBZIJHtOeoxIKaMFvcO0MXThmiWGlX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfB1mTCappZIsF8UpR1ah+fNoyDQllk8dwUQzdysiY6wxsS6ikgshWH15nbTrtcCvBff1SuMmj6MIZ3AOlxDAFTTgDprQAgIcnuEV3rxH78V79z6WrQUvnzmFP/A+fwA8MY9s</latexit>

2m�
<latexit sha1_base64="X2+MKJ4N9SC9+ZL8Ws7pMtkUzAM=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeRjYkNlhFibMYzMza0I2fIUXDxrj1c/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZMe61Ux6JMxqw7KFb/mL4DWSZCTCuRoDspf/aEiqaDSEo6N6QV+YsMMa8sIp7NSPzU0wWSCR7TnqMSCmjBbHDxDF04ZolhpV9Kihfp7IsPCmKmIXKfAdmxWvbn4n9dLbXwdZkwmqaWSLBfFKUdWofn3aMg0JZZPHcFEM3crImOsMbEuo5ILIVh9eZ2067XArwX39UrjJo+jCGdwDpcQwBU04A6a0AICAp7hFd487b14797HsrXg5TOn8Afe5w+ue4+o</latexit><latexit sha1_base64="X2+MKJ4N9SC9+ZL8Ws7pMtkUzAM=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeRjYkNlhFibMYzMza0I2fIUXDxrj1c/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZMe61Ux6JMxqw7KFb/mL4DWSZCTCuRoDspf/aEiqaDSEo6N6QV+YsMMa8sIp7NSPzU0wWSCR7TnqMSCmjBbHDxDF04ZolhpV9Kihfp7IsPCmKmIXKfAdmxWvbn4n9dLbXwdZkwmqaWSLBfFKUdWofn3aMg0JZZPHcFEM3crImOsMbEuo5ILIVh9eZ2067XArwX39UrjJo+jCGdwDpcQwBU04A6a0AICAp7hFd487b14797HsrXg5TOn8Afe5w+ue4+o</latexit><latexit sha1_base64="X2+MKJ4N9SC9+ZL8Ws7pMtkUzAM=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeRjYkNlhFibMYzMza0I2fIUXDxrj1c/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZMe61Ux6JMxqw7KFb/mL4DWSZCTCuRoDspf/aEiqaDSEo6N6QV+YsMMa8sIp7NSPzU0wWSCR7TnqMSCmjBbHDxDF04ZolhpV9Kihfp7IsPCmKmIXKfAdmxWvbn4n9dLbXwdZkwmqaWSLBfFKUdWofn3aMg0JZZPHcFEM3crImOsMbEuo5ILIVh9eZ2067XArwX39UrjJo+jCGdwDpcQwBU04A6a0AICAp7hFd487b14797HsrXg5TOn8Afe5w+ue4+o</latexit><latexit sha1_base64="X2+MKJ4N9SC9+ZL8Ws7pMtkUzAM=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeRjYkNlhFibMYzMza0I2fIUXDxrj1c/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZMe61Ux6JMxqw7KFb/mL4DWSZCTCuRoDspf/aEiqaDSEo6N6QV+YsMMa8sIp7NSPzU0wWSCR7TnqMSCmjBbHDxDF04ZolhpV9Kihfp7IsPCmKmIXKfAdmxWvbn4n9dLbXwdZkwmqaWSLBfFKUdWofn3aMg0JZZPHcFEM3crImOsMbEuo5ILIVh9eZ2067XArwX39UrjJo+jCGdwDpcQwBU04A6a0AICAp7hFd487b14797HsrXg5TOn8Afe5w+ue4+o</latexit>

Search: for mediators decaying to SM

A0

l+

l�

<latexit sha1_base64="RAOIvgmJC2nEqUBxhCeDAIIFcAI="></latexit><latexit sha1_base64="RAOIvgmJC2nEqUBxhCeDAIIFcAI="></latexit><latexit sha1_base64="RAOIvgmJC2nEqUBxhCeDAIIFcAI="></latexit>

!e A0/A0?

�̄

�

<latexit sha1_base64="a7BZQ+WmYCs5yTbE7JSwDbk3peA="></latexit><latexit sha1_base64="a7BZQ+WmYCs5yTbE7JSwDbk3peA="></latexit><latexit sha1_base64="a7BZQ+WmYCs5yTbE7JSwDbk3peA="></latexit><latexit sha1_base64="a7BZQ+WmYCs5yTbE7JSwDbk3peA="></latexit>

gD
<latexit sha1_base64="vVH0BhXsUTb3L9PrhwVKXFODE4k=">AAAB6nicdVDLSgNBEOyNrxhfUY96GAyCp2VWUeMtqAePCZoHJEuYncwmQ2YfzMwKYcknePGgiFc/wu/w5s1PcbKJoKIFDUVVN91dXiy40hi/W7m5+YXFpfxyYWV1bX2juLnVUFEiKavTSESy5RHFBA9ZXXMtWCuWjASeYE1veDHxm7dMKh6FN3oUMzcg/ZD7nBJtpOt+97JbLGH7GDtnJxhhG2fISNk5cpAzU0qV3dfaBwBUu8W3Ti+iScBCTQVRqu3gWLspkZpTwcaFTqJYTOiQ9Fnb0JAETLlpduoY7Rulh/xImgo1ytTvEykJlBoFnukMiB6o395E/MtrJ9ovuykP40SzkE4X+YlAOkKTv1GPS0a1GBlCqOTmVkQHRBKqTToFE8LXp+h/0ji0HWw7NZPGOUyRhx3YgwNw4BQqcAVVqAOFPtzBAzxawrq3nqznaWvOms1sww9YL59OyZAF</latexit><latexit sha1_base64="xwOYl7dVgeUyYoi2Ltgw1ZDBGBE=">AAAB6nicdVDLSgMxFM34rPVVdalIsAiuhkRR666oC5ct2ge0Q8mkmWlo5kGSEcrQpUs3LhRx60f0O9z5Df6E6bSCih64cDjnXu69x40FVxqhd2tmdm5+YTG3lF9eWV1bL2xs1lWUSMpqNBKRbLpEMcFDVtNcC9aMJSOBK1jD7V+M/cYtk4pH4Y0exMwJiB9yj1OijXTtdy47hSKyjxE+O0EQ2ShDRkr4CEM8VYrlnVH14253VOkU3trdiCYBCzUVRKkWRrF2UiI1p4IN8+1EsZjQPvFZy9CQBEw5aXbqEO4bpQu9SJoKNczU7xMpCZQaBK7pDIjuqd/eWPzLayXaKzkpD+NEs5BOFnmJgDqC479hl0tGtRgYQqjk5lZIe0QSqk06eRPC16fwf1I/tDGycdWkcQ4myIFtsAcOAAanoAyuQAXUAAU+uAeP4MkS1oP1bL1MWmes6cwW+AHr9RMtDpFr</latexit><latexit sha1_base64="xwOYl7dVgeUyYoi2Ltgw1ZDBGBE=">AAAB6nicdVDLSgMxFM34rPVVdalIsAiuhkRR666oC5ct2ge0Q8mkmWlo5kGSEcrQpUs3LhRx60f0O9z5Df6E6bSCih64cDjnXu69x40FVxqhd2tmdm5+YTG3lF9eWV1bL2xs1lWUSMpqNBKRbLpEMcFDVtNcC9aMJSOBK1jD7V+M/cYtk4pH4Y0exMwJiB9yj1OijXTtdy47hSKyjxE+O0EQ2ShDRkr4CEM8VYrlnVH14253VOkU3trdiCYBCzUVRKkWRrF2UiI1p4IN8+1EsZjQPvFZy9CQBEw5aXbqEO4bpQu9SJoKNczU7xMpCZQaBK7pDIjuqd/eWPzLayXaKzkpD+NEs5BOFnmJgDqC479hl0tGtRgYQqjk5lZIe0QSqk06eRPC16fwf1I/tDGycdWkcQ4myIFtsAcOAAanoAyuQAXUAAU+uAeP4MkS1oP1bL1MWmes6cwW+AHr9RMtDpFr</latexit><latexit sha1_base64="YAGHUC7WKJ1nTvDe1/VLlrrpgLg=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhJFrbuiLlxWtA9oh5JJM9PQTGZIMkIZ+gluXCji1i9y59+YTkdQ0QMXDufcy733+Ing2iD04ZQWFpeWV8qrlbX1jc2t6vZOW8epoqxFYxGrrk80E1yyluFGsG6iGIl8wTr++HLmd+6Z0jyWd2aSMC8ioeQBp8RY6TYcXA2qNeSeIHx+iiByUY6c1PExhrhQaqBAc1B97w9jmkZMGiqI1j2MEuNlRBlOBZtW+qlmCaFjErKepZJETHtZfuoUHlhlCINY2ZIG5ur3iYxEWk8i33ZGxIz0b28m/uX1UhPUvYzLJDVM0vmiIBXQxHD2NxxyxagRE0sIVdzeCumIKEKNTadiQ/j6FP5P2kcuRi6+QbXGRRFHGeyBfXAIMDgDDXANmqAFKAjBA3gCz45wHp0X53XeWnKKmV3wA87bJz7PjcA=</latexit>

missing mass: (e.g. PADME @ JLab); missing E, : (e.g. LDMX); beam dumps: (e.g. MiniBoone, BDX)⃗p

for production of DM
spectrometers: (e.g. APEX, HPS, DarkQuest) 
missing mass: (e.g. PADME @ JLab)

T Nelson
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A schematic taxonomy
Stefania Gori, Mike Williams 
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A schematic taxonomy
Stefania Gori, Mike Williams 
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Benchmark: 
Dark photon mediated 

dark-matter

Benchmark: 
Dark photon, 

Dark scalar

Benchmark: 
Muon-philic dark sector, 

Strongly interacting 
massive particle (SIMP)

* Chosen from a finite number of possible portals: Vector, Higgs, Neutrino, Axion



Missing stuff

DM Re-scatterDark Matter

Visible portal Long-lived particles

Rare prompt decays

Millicharged

16

Fixed Target

+

Particle beams
e±,p,μ

+

A lot of statistics
(LDM has small couplings)



Schematic experiments
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Missing stuff



Schematic experiments
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Missing stuff Re-scattering/ 
Millicharged



Schematic experiments
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Missing stuff

Long-lived

Re-scattering/ 
Millicharged



Schematic experiments
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Missing stuff

Long-lived

Re-scattering/ 
Millicharged

Rare, prompt



Some unique (, well-motivated 
but biased, US) examples
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No shortage of ideas!

19



DM production: LDMX
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DM production: LDMX

20

Lighter DM,  
smaller coupling

Resonant enhancements



DM production: LDMX

20

Lighter DM,  
smaller coupling

Resonant enhancements

Complementarity in 
hadronic, electron and 

muon couplings exploration 
with rescattering and 

missing X



LDMX @ SLAC

21

Key features: 
• A lot of electrons (> 1e14), but 1-at-a-time (low current) 
• Tagging tracker with good resolution at beam energy 
• Recoil tracker with good resolution at lower momentum  
• Deep ECal with good granularity, resolution, radiation hard 
• Deep HCal with low threshold for veto 
• Fast data acquisition system with efficient missing energy trigger 

Missing momentum: electron 
loses significant momentum 

through the target



LDMX
• Recent progress in Snowmass white paper 

• Test beam campaign at CERN, more results 
coming! 

• New strategies for data-driven bkg 
estimation, missing energy analysis, signal 
characterization, etc.  

• LDMX has received DOE R&D funding (DMNI) 

• Planning for operation ~3 years after 
construction funding available

22

https://arxiv.org/abs/2203.08192



More LDMX physics
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Can cover other scenarios in the invisible final 
state such as QCD axion, millicharged, 

inelastic DM, etc.  

Some prospects also for visible final states 
(ALPs, dark photon) 

https://arxiv.org/abs/1807.01730

Adapted from
:  

https://arxiv.org/abs/2112.0
9979

https://arxiv.org/abs/1807.01730
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Can cover other scenarios in the invisible final 
state such as QCD axion, millicharged, 

inelastic DM, etc.  

Some prospects also for visible final states 
(ALPs, dark photon) 

https://arxiv.org/abs/1807.01730

Adapted from
:  

https://arxiv.org/abs/2112.0
9979

https://arxiv.org/abs/1912.06140 
https://arxiv.org/abs/2203.06853 

Electron scattering 
experiments and connection 

to neutrino physics:  
landscape and 

complementarity 

https://arxiv.org/abs/1807.01730
https://arxiv.org/abs/1912.06140
https://arxiv.org/abs/2203.06853


Visible Dark Photon: DarkQuest
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Visible Dark Photon: DarkQuest
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LLP - beam dump

Rare prompt 



Visible Dark Photon: DarkQuest
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Plot from 2022: 

See talks by Alina 
Kleimenova and Ke Li 
from Tuesday — new 
results for NA62 and 

FASER!



SpinQuest/DarkQuest @ FNAL

25

120 G
eV proto

ns



SpinQuest/DarkQuest @ FNAL
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Attractive features: 

• Short dump, interesting 
lifetime baseline 

• Most of the stuff exists,  
low-cost 

• Can happen soon

120 G
eV proto

ns



SpinQuest/DarkQuest @ FNAL
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SpinQuest/DarkQuest defined
• SpinQuest: muon spectrometer looking at Drell-Yan from a polarized 

target to understand the Proton Spin puzzle 

• Can also do (displaced) dimuon dark sector searches (more later) 

• Plans to run in FY24 

• DarkQuest: upgrade with additional EMCal, opens up electron, photon, 
and hadronic final states; other possible detector upgrades 

• Goal for data before PIP-II shutdown in FY26

27



Dark Sectors progress
• Latest status from Snowmass white 

paper: arXiv: 2203.08322 

• SpinQuest displaced dimuon trigger in 
place  

• DarkQuest: with additional EMCal, 
opens up electron, photon, and hadronic 
final states 

• Uses EMCal from PHENIX  

• Recent progress with EMCal 
electronics test stand at BU 

• GEANT-level dark sector sim. studies of 
tracking, vertexing, mass recon.

28

Displaced Dimuon trigger system 
in place for SpinQuest running

PHENIX EMCal

Module readout  
test stand

https://arxiv.org/abs/2203.08322


More interesting examples
• Re-scattering experiments from 

stopped pion sources  

• CCM, COHERENT, PIP-II BD 

• Millicharged - Sensei, ArgoNeut 

• Muon-philic & g-2 - Darkquest

29

PRL 129, 021801 (2022)

Supported by DOE DMNI  

800 MeV protons, 1.8e21 Protons on Target at 
LANSCE @ LANL, 1.5 months of data  

Already new phase space covered for 
leptophobic DM  

Looking forward to new results soon! 

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.021801
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https://arxiv.org/pdf/2305.04964.pdf

Deploys Skipper CCD (ultra-low noise 
CCD) to search for millicharged particles 

In the MINOS underground hall with 120 
GeV protons, ~2g detector with 24 days 

of data taking in 2020 — already explores 
new parameter space! 
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Secondary Muons from SpinQuest 
https://arxiv.org/abs/2212.00033 

Diphotons in DarkQuest 

True for ~5 more hours! :) 



Takeaways
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Takeaways
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Yes! Modest investments in small experiments can enable 
transformative physics in the near term: 
Covering DM relic density milestones &  

significant phase space for visible dark sectors

I’ve presented a few examples of experiments that bring new and/or unique sensitivity,  
see more in Matt’s talk and looking forward to more discussion

Can we develop a comprehensive worldwide 
program for sub-GeV dark sectors? 




