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New Physics Searches?  à Searches for unknown particles.

heavier?

weak and elusive?

à We need more energy! 

à We need more intensity! 

"energy frontier"

"intensity frontier"

(Also:
 neutrino frontier,
 precision frontier,
 cosmic frontier,
 theory frontier, ...)
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Let me leave some comments on the energy frontier…

heavier?
à We need more energy! 

"energy frontier”
   à LHC

Thanks for the stable run of the LHC! Run 2: 13 TeV, ~150/fb

2022: 13.6 TeV, 35/fb
2023: 13.6 TeV, 30/fb

Figure from Beam Performance Tracking in the CERN accelerator complex /453

https://bpt.web.cern.ch/lhc/statistics/2023/


Let me leave some comments on the energy frontier…

heavier?
à We need more energy! 

"energy frontier”
   à LHC

Thanks for the stable run of the LHC! Run 2: 13 TeV, ~150/fb

2022: 13.6 TeV, 35/fb
2023: 13.6 TeV, 30/fb

Figure from Beam Performance Tracking in the CERN accelerator complex

ß unlucky accident
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A tree fallen down on power cables (Swiss side, 55km from CERN) à … à … à helium leak

heavier?
à We need more energy! 

"energy frontier”
   à LHC

Thanks for the stable run of the LHC! Run 2: 13 TeV, ~150/fb

2022: 13.6 TeV, 35/fb
2023: 13.6 TeV, 30/fb

Figures from Beam Performance Tracking in the CERN accelerator complex and  CERN News

ß unlucky accident
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https://bpt.web.cern.ch/lhc/statistics/2023/
https://home.cern/news/news/accelerators/lhc-leak-repair-short-photostory


n Run 3 (2022–2025) 300/fb
n Run 4 (2029–2032) 600–1000/fb
Ø Higgs precision:

searches for HH-productions,  couplings to 2nd-gen., …
Ø Non-colored TeV-scale new physics: (i.e., non-colored SUSY particles)

closing the parameter space for muon g−2 anoma….(????)

LHC will go on, leading the energy frontier.

Figure from Longer term LHC schedule /456

http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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Today’s focus: A proposal for intensity frontier

heavier?

weak and elusive?

à We need more energy! 

à We need more intensity! 

"energy frontier"

"intensity frontier"

(Also:
 neutrino frontier,
 precision frontier,
 cosmic frontier,
 theory frontier, ...)
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“ILC beam dump experiments”

1. ILC

2. Merits of this proposal

3. Analysis

4. Physics Cases
v Sub-GeV new particles (non-DM)
v Sub-GeV DM

Agenda
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ILC  (planned in Japan)

e−

e+

<latexit sha1_base64="9d9dh4HYwNLsEw/m3A9B3xJnuls=">AAABqXicZY5LT8JAFIVv8YX1VXXpxsgGgyFtU3RlJDE+FhJB5REpIdPhSiZMH+kMmqYp/8Ff41Z/hv/GInWBnNV3zzk3OU7AmZC6/q3klpZXVtfy6+rG5tb2jra71xL+OKTYpD73w45DBHLmYVMyybEThEhch2PbGV1O8/YrhoL53pOMAuy5ZOixF0aJTK2+Vrqy32InfUjODbNi32BrMina0jcr+vS4SLGiz/C4rxX0sv6rw0UwMihApnpfG9oDn45d9CTlRIiuYQayF5NQMsoxUVU7IEMUMuIYoxvIKFHtscCA0FHqdx9q9yd3tV5cix45G+C178m5wl+QqOky4/+ORWiZZeO0bDWsQtXKNubhAI6gCAacQRVuoQ5NoPAOH/AJX0pJaSgd5XlWzSnZzz7MSaE/6O1wfw==</latexit>Ӻͣ΄͘ζ � ���(F7 	݂ ���(F7 ݂ ���(F7 
à for Higgs precision etc.
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e−

e+

main beam dumps (束流垃圾桶)

beam dump
(H2O)

muon shield (Pb + Concrete)
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e−

e+

main beam dumps (束流垃圾桶)
Our proposal

beam dump
(H2O)

muon shield (Pb + Concrete)
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e−

e+

main beam dumps (束流垃圾桶)
Our proposal

beam dump
(H2O)

muon shield (Pb + Concrete)

Earlier work: Kanemura, Moroi, Tanabe [1507.02809]

A fixed-target experiment: e± N / e± e− scattering

/4512

https://arxiv.org/abs/1507.02809


“ILC beam dump experiments”

1. ILC

2. Merits of this proposal

3. Analysis

4. Physics Cases
v Sub-GeV new particles (non-DM)
v Sub-GeV DM

Agenda
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n Less cost. ($$$ for detectors; recycling the beams.) 

n 125 GeV positron beam. à e+ e− collision.

n Higher intensity.

qFixed-target: Lower ECM.

Characteristics of ILC beam dump

beam dump
(H2O)

muon shield (Pb + Concrete)

→ Searches for sub-GeV tiny-interaction particles

<latexit sha1_base64="w2mrOqZCmzNoY727RTm5wDGaGJA=">AAAB53icZU5JT8JAGJ3ihnVDPXppJCGQKGkR8URCQlwOoriwJAyQ6fCJE6aLnUHTNP0N3oxXf5Fnf4hXFRASkXd6ecv3PdPlTEhd/1Aic/MLi0vRZXVldW19I7a5VRVO36NQoQ53vLpJBHBmQ0UyyaHuekAsk0PN7BWHfu0RPMEc+1b6LjQt0rXZHaNEDqR2jB3jp6BYCrVEXsPiwZNBxhpK5uBGGKp5bEKX2QEdvBChahziU6gmktDCrqVhi8h7z9IuUhirevog99eE1n5KxWB3Jt12LK6n9RG0WWKMSRyNUW7Hurjj0L4FtqScCNEwMq5sBsSTjHIIVRW7pAtC+hwCsFzphyruC3AJ7Q30xnXpcu+81AxK/g1nHThxbDkVmBijZcb/HbOkmkkbuXT2KhsvZMcbo2gH7aIkMtARKqAzVEYVRNE7+kRf6FthyrPyorz+RiPKuLONpqC8/QArBIgC</latexit>Ӻͨε � ఉ�ԜӺͣ΄͘ζ � �� (F7 	Ԕ/
���� (F7 	ԔԔ

… ”linear” collider = always dumps.

(↔ circular collider)

(↔ collider: E = 2(E1E2)1/2)

/4514



“ILC beam dump experiments”

1. ILC

2. Merits of this proposal

3. Analysis

4. Physics Cases
v Sub-GeV new particles (non-DM)
v Sub-GeV DM

Agenda
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dump muon shield SM detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(1) Meta-stable, decaying into SM (and other) particles

dump muon shield
DM detector

(electron recoil)
2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

/4516
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dump muon shield SM detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(1) Meta-stable, decaying into SM (and other) particles

<latexit sha1_base64="fSWV+yJRgCadHzmMsxBvciH/6rE=">AAAB5HicZY7LSsNAGIUn9VbjLerSTbEgLqQ0pepKqIjiwkq99AJNKZPJ3zh0kgyZv2IIeQN34tY38gF8DrcKtjYVas/q8J1z4NhScIXF4oeWmZtfWFzKLusrq2vrG8bmVkMFg5BBnQUiCFs2VSC4D3XkKKAlQ6CeLaBp989GefMRQsUD/x4jCR2Puj7vcUZxiLqGe92NLYQnjBV3fSqSRN87yf1BGQbOgI2qSWIh90CN+SljIJH6DFKcszyKD4yK3Plk6wACwyAcLi29a+SLheKvcrPGTE2epKp1jZ7lBGzggY9MUKXaZkliJ6YhciYg0XVLUhcURgJi8CRGiW4NFEjK+kPevq0eXFU7cTW6E9yBi8DHqXwSJKNj5v8bs6ZRKphHhcObcr5STi9myQ7ZJfvEJMekQi5JjdQJI+/kk3yRb62nPWsv2uu4mtHSzTaZkvb2A6icjYs=</latexit>𝑁signal = 𝑁production × Acceptance × ℰdetector
<latexit sha1_base64="N4d681dbfWK6tBhqbgMtWPMKqnM=">AAABh3icZY7LTsJAFIbP4A3qDXXphtiNC1NbAugS4yUuJEG0QEIJmQ4HMmHajp2pSUN4Dbf6Wr6NVesC+VZf/v+c5Pel4Erb9icprK1vbG4VS8b2zu7efvngsKuiJGboskhEcd+nCgUP0dVcC+zLGGngC+z5s+vvvveKseJR+KxTicOATkM+4YzqLPK8zu2Np3iALxVnVDZty/6hsipOLibktEfliTeOWBJgqJmgSg2cqtTDOY01ZwIXhuFJOkWlU4FzDKROF4aXKJSUzbJ80GmdPbSG81b6JPgY76JQL/V/xcLIhjn/Z6xKt2o5Dav+WDObtXxiEY7hBE7BgQtowj20wQUGEt7gHT5IiZyTBrn8PS2Q/OcIliBXX22qZL4=</latexit>≃ 1

~ Angular acceptance
  × Prob(decay inside the )
• Semi-analytic method ß our choice
• Monte Carlo simulation

model
dependence

/4517
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dump muon shield
DM detector

(electron recoil)
2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

~ angular acc.

<latexit sha1_base64="fSWV+yJRgCadHzmMsxBvciH/6rE=">AAAB5HicZY7LSsNAGIUn9VbjLerSTbEgLqQ0pepKqIjiwkq99AJNKZPJ3zh0kgyZv2IIeQN34tY38gF8DrcKtjYVas/q8J1z4NhScIXF4oeWmZtfWFzKLusrq2vrG8bmVkMFg5BBnQUiCFs2VSC4D3XkKKAlQ6CeLaBp989GefMRQsUD/x4jCR2Puj7vcUZxiLqGe92NLYQnjBV3fSqSRN87yf1BGQbOgI2qSWIh90CN+SljIJH6DFKcszyKD4yK3Plk6wACwyAcLi29a+SLheKvcrPGTE2epKp1jZ7lBGzggY9MUKXaZkliJ6YhciYg0XVLUhcURgJi8CRGiW4NFEjK+kPevq0eXFU7cTW6E9yBi8DHqXwSJKNj5v8bs6ZRKphHhcObcr5STi9myQ7ZJfvEJMekQi5JjdQJI+/kk3yRb62nPWsv2uu4mtHSzTaZkvb2A6icjYs=</latexit>𝑁signal = 𝑁production × Acceptance × ℰdetector

Rough number is known.
 / Beyond theorists’ capability.

model
dependence
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(1) Meta-stable, decaying into SM (and other) particles

(2) Dark Matter

~ angular acc.
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Rough number is known.
 / Beyond theorists’ capability.

model
dependence
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~ Angular acceptance
  × Prob(decay inside the )
• Semi-analytic method ß our choice
• Monte Carlo simulation

model
dependence
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Elementary process at the beam dump

24 GeV e− on iron, from the Electromagnetic Shower Simulator by Sven Menke. 

e±

/4520

https://www.mpp.mpg.de/~menke/elss/


Elementary process at the beam dump

e±

typical length X0/ρ
(36cm for water)
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(and a bit of μ± / hadron)

/4521X0: radiation length,  ρ: density  (of target material)



Elementary process at the beam dump = fixed-target scattering thicker than X0/ρ

e±

typical length X0/ρ
(36cm for water)
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(and a bit of μ± / hadron)

X0: radiation length,  ρ: density  (of target material)

e+ N, e+ e− 
e− N, e− e−     scatterings
γ N, γ e−   

<latexit sha1_base64="SftEweTaI3g/O7TJenbJ24pecIo=">AAAB0XicZU5LSwJRGL1jL5teUy3bSIIYmDhitRKEIFpkWOYDvCZ3xk+7eOfh3M9oGAaibf+of9Kubf2KxhwX5lkcDucBx3AFl1gofCqJldW19Y3kprq1vbO7p+0fNKUz8UxomI5wvLbBJAhuQwM5Cmi7HjDLENAyRpfTvPUMnuSO/YC+C12LDW0+4CbDyOppDxThBQMjmoTUQW6BnDnIvCFgmCnT8XjC+nOe0qyWvc2lqMXwybMCCB9PT1RKOzpY3Uy5p6UL+cIfUstCj0WaxKj1tAHtO+bEAhtNwaTs6EUXuwHzkJsCQlWlLhuCRF9AAJaLfqjSiQSXmaPI79xXczfVblD164L34cqxcSGfB6EaHdP/31gWzWJeP8+f3ZXSlVJ8MUmOyDHJEp1ckAq5JjXSICb5IF/km/wodcVXXpW3WTWhxJtDsgDl/RdkrIPW</latexit>

beam ⊗ target = ⊗(𝑁, e−)= from water
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Formula of #events for ”thick-target” fixed-target experiments

<latexit sha1_base64="4aObLYlD+AeHkwWMp+YMvTkRemQ=">AAABmHicZY7LSsNAFIbPeK3xFnVnN8VuXEhJStGVUBC8gJVae4OmhMn0tAydTIbMtBBCFj6NW30c38aqcVH7rT7+/xz4AyW4No7zSdbWNza3tgs71u7e/sGhfXTc1dEsZthhkYjifkA1Ci6xY7gR2Fcx0jAQ2AumN999b46x5pFsm0ThMKQTycecUbOIfLvojWPK0qcs7baza+m70q96mk9CWpr7dtmpOD+UVsXNpQw5Td8ee6OIzUKUhgmq9cCtKjNMaWw4E5hZlqfoBLVJBKYYKpNkljfTqCibLvJBq3Hx2BimjeRF8BHeRtIs9X9FZi2Guf9nrEq3WnEvK7XnWrleyycWoAhncA4uXEEd7qEJHWDwCm/wDh/klNTJHXn4PV0j+c8JLEFaXxwMa54=</latexit> ԃԋ ԉ � ԝφԝϵᅼԥ (definition of cross section σ)

<latexit sha1_base64="kPGNLe6HjXYXD2RPE2Eo/IDYb5M=">AAABsnicZY7LSsNAFIZP6q3GW9Slm2I3LkJJStSVUBDERVvqpRfslDCZnoaxkwuZqRhCnsSncatP4NtYa1zU/quf7zsHfi8WXCrL+tJKa+sbm1vlbX1nd2//wDg86sloljDsskhEycCjEgUPsau4EjiIE6SBJ7DvTa9/fP8FE8mj8FGlMY4C6od8whlVc+Qa5+3KVaXtZkThq8p4+IxM5Tkxwz+kaOLjAjWJSST3A0pM16haNWuRymqxi1KFIh3XmJBxxGYBhooJKuXQrsdqlNFEcSYw13USUx+lSgVmGMQqzXUykxhTNp3z4X3LbLZGWSt9EHyMN1GolvyfyPX5MPv/jNXSq9fsi5pz51QbTjGxDCdwCmdgwyU04BY60AUGb/AOH/CpOdqTRjX2e1rSip9jWIomvgF6jHbJ</latexit>ԃ � ԃinject ԝtarget ԁ ᅼ fixed-target version

L = track length of the electromagnetic shower
<latexit sha1_base64="8oTPR3CxWoHjll0x9qJKViOEHzA=">AAABhnicZY7LSsNAFIbP1FuMt6pLN2I2XUhISrXboiAuLNRL2kJSymR6GoZOMkNmIoTSx3Crz+XbWDUuar/Vx/+fA3+sBNfG8z5JbWNza3vH2rX39g8Oj+rHJ30ti5xhwKSQ+TCmGgXPMDDcCByqHGkaCxzEs9vvfvCKueYyezGlwlFKk4xPOaNmGYWRLtLohieJaIzrjud6P5yvi1+JAxW9cX0aTSQrUswME1Tr0G8qM5rT3HAmcGHbkaIJalMKnGOqTLmwo0Kjomy2zMOn7uVDdzTvls+CT/BOZmal/ysW9nKY/3/GuvSbrn/tth5bTqdVTbTgDC6gAT60oQP30IMAGEh4g3f4IBZxyRVp/57WSPVzCiuQzhdg4mTK</latexit>ంৃ <latexit sha1_base64="g1dNTwNswQ7oGDaeyPoRghtqxXU=">AAABgnicZY7NSsNAFIXv1Ko1/kVduhG7UZGS1KAbF0VBXFioP20KTSiT6W0YMkmGmakQSh/CrT6Zb2PVuKj9Vh/n3AsnkoJr4zifpLJSXV1br21Ym1vbO7v23n5P5xPFsMtykat+RDUKnmHXcCOwLxXSNBLoR8ntd++/otI8z15MITFMaZzxMWfUzCM/uOFxrE6Hdt1pOD8cLYtbSh1KOkN7HIxyNkkxM0xQrQduU5pwSpXhTODMsgJJY9SmEDjFVJpiZgUTjZKyZJ4PntrnD+1w2i6eBR/hXZ6Zhf6vmFnzYe7/GcvSazbcy4b36NVbXjmxBodwDCfgwhW04B460AUGCbzBO3yQKjkjLrn4Pa2Q8ucAFiDXX+5pYvg=</latexit>ৄ
<latexit sha1_base64="8oTPR3CxWoHjll0x9qJKViOEHzA=">AAABhnicZY7LSsNAFIbP1FuMt6pLN2I2XUhISrXboiAuLNRL2kJSymR6GoZOMkNmIoTSx3Crz+XbWDUuar/Vx/+fA3+sBNfG8z5JbWNza3vH2rX39g8Oj+rHJ30ti5xhwKSQ+TCmGgXPMDDcCByqHGkaCxzEs9vvfvCKueYyezGlwlFKk4xPOaNmGYWRLtLohieJaIzrjud6P5yvi1+JAxW9cX0aTSQrUswME1Tr0G8qM5rT3HAmcGHbkaIJalMKnGOqTLmwo0Kjomy2zMOn7uVDdzTvls+CT/BOZmal/ysW9nKY/3/GuvSbrn/tth5bTqdVTbTgDC6gAT60oQP30IMAGEh4g3f4IBZxyRVp/57WSPVzCiuQzhdg4mTK</latexit>ంৃ <latexit sha1_base64="g1dNTwNswQ7oGDaeyPoRghtqxXU=">AAABgnicZY7NSsNAFIXv1Ko1/kVduhG7UZGS1KAbF0VBXFioP20KTSiT6W0YMkmGmakQSh/CrT6Zb2PVuKj9Vh/n3AsnkoJr4zifpLJSXV1br21Ym1vbO7v23n5P5xPFsMtykat+RDUKnmHXcCOwLxXSNBLoR8ntd++/otI8z15MITFMaZzxMWfUzCM/uOFxrE6Hdt1pOD8cLYtbSh1KOkN7HIxyNkkxM0xQrQduU5pwSpXhTODMsgJJY9SmEDjFVJpiZgUTjZKyZJ4PntrnD+1w2i6eBR/hXZ6Zhf6vmFnzYe7/GcvSazbcy4b36NVbXjmxBodwDCfgwhW04B460AUGCbzBO3yQKjkjLrn4Pa2Q8ucAFiDXX+5pYvg=</latexit>ৄ
<latexit sha1_base64="8oTPR3CxWoHjll0x9qJKViOEHzA=">AAABhnicZY7LSsNAFIbP1FuMt6pLN2I2XUhISrXboiAuLNRL2kJSymR6GoZOMkNmIoTSx3Crz+XbWDUuar/Vx/+fA3+sBNfG8z5JbWNza3vH2rX39g8Oj+rHJ30ti5xhwKSQ+TCmGgXPMDDcCByqHGkaCxzEs9vvfvCKueYyezGlwlFKk4xPOaNmGYWRLtLohieJaIzrjud6P5yvi1+JAxW9cX0aTSQrUswME1Tr0G8qM5rT3HAmcGHbkaIJalMKnGOqTLmwo0Kjomy2zMOn7uVDdzTvls+CT/BOZmal/ysW9nKY/3/GuvSbrn/tth5bTqdVTbTgDC6gAT60oQP30IMAGEh4g3f4IBZxyRVp/57WSPVzCiuQzhdg4mTK</latexit>ంৃ <latexit sha1_base64="g1dNTwNswQ7oGDaeyPoRghtqxXU=">AAABgnicZY7NSsNAFIXv1Ko1/kVduhG7UZGS1KAbF0VBXFioP20KTSiT6W0YMkmGmakQSh/CrT6Zb2PVuKj9Vh/n3AsnkoJr4zifpLJSXV1br21Ym1vbO7v23n5P5xPFsMtykat+RDUKnmHXcCOwLxXSNBLoR8ntd++/otI8z15MITFMaZzxMWfUzCM/uOFxrE6Hdt1pOD8cLYtbSh1KOkN7HIxyNkkxM0xQrQduU5pwSpXhTODMsgJJY9SmEDjFVJpiZgUTjZKyZJ4PntrnD+1w2i6eBR/hXZ6Zhf6vmFnzYe7/GcvSazbcy4b36NVbXjmxBodwDCfgwhW04B460AUGCbzBO3yQKjkjLrn4Pa2Q8ucAFiDXX+5pYvg=</latexit>ৄ
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Formula of #events for ”thick-target” fixed-target experiments

<latexit sha1_base64="4aObLYlD+AeHkwWMp+YMvTkRemQ=">AAABmHicZY7LSsNAFIbPeK3xFnVnN8VuXEhJStGVUBC8gJVae4OmhMn0tAydTIbMtBBCFj6NW30c38aqcVH7rT7+/xz4AyW4No7zSdbWNza3tgs71u7e/sGhfXTc1dEsZthhkYjifkA1Ci6xY7gR2Fcx0jAQ2AumN999b46x5pFsm0ThMKQTycecUbOIfLvojWPK0qcs7baza+m70q96mk9CWpr7dtmpOD+UVsXNpQw5Td8ee6OIzUKUhgmq9cCtKjNMaWw4E5hZlqfoBLVJBKYYKpNkljfTqCibLvJBq3Hx2BimjeRF8BHeRtIs9X9FZi2Guf9nrEq3WnEvK7XnWrleyycWoAhncA4uXEEd7qEJHWDwCm/wDh/klNTJHXn4PV0j+c8JLEFaXxwMa54=</latexit> ԃԋ ԉ � ԝφԝϵᅼԥ (definition of cross section σ)

<latexit sha1_base64="kPGNLe6HjXYXD2RPE2Eo/IDYb5M=">AAABsnicZY7LSsNAFIZP6q3GW9Slm2I3LkJJStSVUBDERVvqpRfslDCZnoaxkwuZqRhCnsSncatP4NtYa1zU/quf7zsHfi8WXCrL+tJKa+sbm1vlbX1nd2//wDg86sloljDsskhEycCjEgUPsau4EjiIE6SBJ7DvTa9/fP8FE8mj8FGlMY4C6od8whlVc+Qa5+3KVaXtZkThq8p4+IxM5Tkxwz+kaOLjAjWJSST3A0pM16haNWuRymqxi1KFIh3XmJBxxGYBhooJKuXQrsdqlNFEcSYw13USUx+lSgVmGMQqzXUykxhTNp3z4X3LbLZGWSt9EHyMN1GolvyfyPX5MPv/jNXSq9fsi5pz51QbTjGxDCdwCmdgwyU04BY60AUGb/AOH/CpOdqTRjX2e1rSip9jWIomvgF6jHbJ</latexit>ԃ � ԃinject ԝtarget ԁ ᅼ fixed-target version

L = track length of the electromagnetic shower

<latexit sha1_base64="dqqeFbkPhPZy0Z5tytvsvrys3xc="></latexit>𝑁production(e+ dump) =𝑁inject × ∑Φ={𝑒+,𝑒−,𝛾}[ 𝑛𝑒− d𝐿e+ beamΦd𝐸 𝜎(Φ𝑒− → new physics; 𝐸)
+ 𝑛𝑁 d𝐿e+ beamΦd𝐸 𝜎(Φ𝑁 → new physics; 𝐸)]
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Track length?
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102 <latexit sha1_base64="9ztF7UFHuIe80YSvggd1Bn6g4l4=">AAAB/XicbVDJSgNBFOyJW4xbXG5eGhMhIoaZGIm5BQTxGMEskI2ezpukSc9Cd48QQ/BXvHhQxKv/4c2/sTMZxK1ORdUrXlF2wJlUpvlhJBYWl5ZXkquptfWNza309k5d+qGgUKM+90XTJhI486CmmOLQDAQQ1+bQsEcXM79xC0Iy37tR4wA6Lhl4zGGUKC310nuXvsBZ6J7gHHSPj7LY1uFeOmPmzQj4L7FikkExqr30e7vv09AFT1FOpGxZZqA6EyIUoxymqXYoISB0RAbQ0tQjLsjOJGo/xYda6WNH93B8T+FI/Z6YEFfKsWvrS5eoofztzcT/vFaonPPOhHlBqMCj80dOyLHy8WwK3GcCqOJjTQgVTHfFdEgEoUoPlopGKEfAc1IqxqRsfY1QL+St0/zZdSFTKcZzJNE+OkA5ZKESqqArVEU1RNEdekBP6Nm4Nx6NF+N1fpow4swu+gHj7RNJ+pON</latexit>

<latexit sha1_base64="7erxGvfvooy5VCsfNjFA7PxQBrc=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWArVMSS1ErtruDGZQV7gTQtk+lpO3SSCTMToYQ+hhsXirj1adz5NqZpEG8/DHz85xzOmd8NOFPaND+MzMrq2vpGdjO3tb2zu5ffP2grEUoKLSq4kF2XKODMh5ZmmkM3kEA8l0PHnV4v6p17kIoJ/07PAnA8MvbZiFGiY8suQv8Ml6B/floc5Atm2UyE/4KVQgGlag7y772hoKEHvqacKGVbZqCdiEjNKId5rhcqCAidkjHYMfrEA+VEyclzfBI7QzwSMn6+xon7fSIinlIzz407PaIn6ndtYf5Xs0M9unIi5gehBp8uF41CjrXAi//jIZNANZ/FQKhk8a2YTogkVMcp5ZIQ6onwEmrVFOrWVwjtStm6KF/eVgqNahpHFh2hY1RCFqqhBrpBTdRCFAn0gJ7Qs6GNR+PFeF22Zox05hD9kPH2CdfxkAY=</latexit>

<latexit sha1_base64="6GsacchTfdUgc4fEY5fOOepm+NY=">AAAB73icbZDLSgMxFIbPeK31VnXpJtgKrspMrdTuCm5cVrAXaIeSSTNtaJIZk4xQSl/CjQtF3Po67nwb0+kg3n4IfPznHM7JH8ScaeO6H87K6tr6xmZuK7+9s7u3Xzg4bOsoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK4W9c49VZpF8tZMY+oLPJIsZAQba3VL/REWApcGhaJbdlOhv+BlUIRMzUHhvT+MSCKoNIRjrXueGxt/hpVhhNN5vp9oGmMywSPasyixoNqfpffO0al1hiiMlH3SoNT9PjHDQuupCGynwGasf9cW5n+1XmLCS3/GZJwYKslyUZhwZCK0+DwaMkWJ4VMLmChmb0VkjBUmxkaUT0Oop0JLqFUzqHtfIbQrZe+8fHFTKTaqWRw5OIYTOAMPatCAa2hCCwhweIAneHbunEfnxXldtq442cwR/JDz9gl8t4/4</latexit>

<latexit sha1_base64="3152GTE4qmzz6mcHiiNTKi0JPxg=">AAAB/3icbZBLS8NAFIUn9VXrKyq4cTNYhLqpiVZqF0JBCi4r2FpoQ5hMJ+3QySTMTIQSK/hX3LhQxK1/w53/xmkaxNeBgY9z7mUux4sYlcqyPozc3PzC4lJ+ubCyura+YW5utWUYC0xaOGSh6HhIEkY5aSmqGOlEgqDAY+TaG51P8+sbIiQN+ZUaR8QJ0IBTn2KktOWaO/Fd6Qw2XHrYcJOeCKCnlycHrlm0ylYq+BfsDIogU9M133v9EMcB4QozJGXXtiLlJEgoihmZFHqxJBHCIzQgXY0cBUQ6SXr/BO5rpw/9UOjHFUzd7xsJCqQcB56eDJAayt/Z1Pwv68bKP3USyqNYEY5nH/kxgyqE0zJgnwqCFRtrQFhQfSvEQyQQVrqyQlpCLRWcQbWSQc3+KqF9VLaPyyeXlWK9ktWRB7tgD5SADaqgDi5AE7QABrfgATyBZ+PeeDRejNfZaM7IdrbBDxlvn3S7lXk=</latexit>

<latexit sha1_base64="BZbfVgK/xxA/5FUy6WyduHAuD/Y=">AAACA3icbZBNS8MwHMZTX+d8q3rTS3AInkark7nbQASPE9wLrKWkabqFpWlJUmGUghe/ihcPinj1S3jz25h1RXx7IPDjef5/kjx+wqhUlvVhLCwuLa+sVtaq6xubW9vmzm5PxqnApItjFouBjyRhlJOuooqRQSIIinxG+v7kYpb3b4mQNOY3apoQN0IjTkOKkdKWZ+5fetQJBcJZ4IyRylju0TwLtJt7Zs2qW4XgX7BLqIFSHc98d4IYpxHhCjMk5dC2EuVmSCiKGcmrTipJgvAEjchQI0cRkW5W/CGHR9oJYBgLfbiChft9I0ORlNPI15MRUmP5O5uZ/2XDVIXnbkZ5kirC8fyiMGVQxXBWCAyoIFixqQaEBdVvhXiMdCNK11YtSmgVgnNoNkpo2V8l9E7q9mn97LpRazfKOirgAByCY2CDJmiDK9ABXYDBHXgAT+DZuDcejRfjdT66YJQ7e+CHjLdPBNmYxw==</latexit>

<latexit sha1_base64="U4Xuxn+xbNjql6JibguRsaFtmRo=">AAAB9HicbZBLS8NAFIUn9VXrq+rSzWArVMSS1ErtQii4cVnBPqBNy2R6a4dOJnFmUiihv8ONC0Xc+mPc+W9M0yC+Dgx8nHMvczmOz5nSpvlhpJaWV1bX0uuZjc2t7Z3s7l5TeYGk0KAe92TbIQo4E9DQTHNo+xKI63BoOeOred6agFTME7d66oPtkjvBhowSHVl2nl1C7xQXoHdynO9nc2bRjIX/gpVADiWq97Pv3YFHAxeEppwo1bFMX9shkZpRDrNMN1DgEzomd9CJUBAXlB3GR8/wUeQM8NCT0RMax+73jZC4Sk1dJ5p0iR6p39nc/C/rBHp4YYdM+IEGQRcfDQOOtYfnDeABk0A1n0ZAqGTRrZiOiCRURz1l4hKqsfACKuUEqtZXCc1S0Tornt+UcrVyUkcaHaBDVEAWqqAaukZ11EAU3aMH9ISejYnxaLwYr4vRlJHs7KMfMt4+ASTQkMA=</latexit>

positron [electron] beam dump

e+

γ

Monte Carlo simulation (PHITS 3.23)

<latexit sha1_base64="d2gxcxlqQsbKeaR4D8PoFvwKbrQ=">AAABgHicZY7LSsNAFIbP1FuNt6pLN2I3XUiaKUHBVUEqLizUS9pCW8JkelqGTjJDZiqE0mdwq4/m2xg1Lmq/1cf/nwN/pKUw1vM+SWljc2t7p7zr7O0fHB5Vjk+6Rs1TjgFXUqX9iBmUIsHACiuxr1NkcSSxF81uv/veK6ZGqOTFZhpHMZsmYiI4s3kUtOqt0AsrVc/1fjhfF1pIFQo6YWUyHCs+jzGxXDJjBrSh7WjBUiu4xKXjDDWborGZxAXG2mZLZzg3qBmf5fngqX350B4t2tmzFGO8U4ld6f+KpZMPo/9nrEu34dIr13/0q02/mFiGM7iAGlC4hibcQwcC4CDgDd7hg5RIjdQJ/T0tkeLnFFYgN19cl2G8</latexit>Ӻ�ӺЈ
e−

<latexit sha1_base64="UMzBN3nLjN13MK+9jFiCDV+ArCQ=">AAABl3icZY7LSsNAFIbP1FuNt6grdVMsiAspSSm6tCAtXbTQqr1AU8pkclqHTpIhMxVCCPg0bvV1fBtrjYvaf/Xxf+fA70rBlbasL5Lb2Nza3snvGnv7B4dH5vFJT4XziGGXhSKMBi5VKHiAXc21wIGMkPquwL47e/jx/VeMFA+DZx1LHPl0GvAJZ1QvqrF5flVzJhFlieN5BeeF6kIzXXItHZtFq2QtU1gHO4MiZGmPzYnjhWzuY6CZoEoN7bLUo4RGmjOBqWE4kk5R6Vhggr7UcWo4c4WSstmiHz62bpqtUdKKnwT3sB4GesX/idRYDLP/z1iHXrlk35YqnUqxWskm5uECLuEabLiDKjSgDV1g8Abv8AGf5Izckzpp/J7mSPZzCishnW/Rx2qc</latexit>ӺEԁࣞEӺ

Ø Beam-dependent contribution + beam-independent contribution.

Ø L mainly comes from low-energy shower.

Ø Low-energy side: independent of beam-type.

Ø High-energy side: mainly from the injected particle.
/4525

(per beam particle)

<latexit sha1_base64="lM8jGJ33Am6YiDBoRAx29Ht/BNs=">AAABonicZY7NSsNAFIVv6l+Nf1GXbopVcCElKVVXQkEqIi201v5AU8JkclOHTpIhMxVCyBP4NG71SXwba42L2rM5h+/cC8cVnEllml9aYW19Y3OruK3v7O7tHxiHR30ZzWKKPRrxKB66RCJnIfYUUxyHIkYSuBwH7vTupx+8YixZFD6rROA4IJOQ+YwSNUeOcX5r+zGhqR2/RFk6dMyskQPPKzWzhTUyxyibFXOh0mqw8lCGXG3H8G0vorMAQ0U5kXJkVYUapyRWjHLMdN0WZIJSJRxTDIRKMt2eSRSETud89NS6bLbGaSvpcubhfRSqpf6vyPT5MOv/jNXQr1as68pVp1au1/KJRTiBU7gAC26gDg/Qhh5QeIN3+IBP7Ux71Dpa9/e0oOU/x7Akzf4GPONv3Q==</latexit>= 𝜌𝑋0 𝐸d𝐿d𝐸
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0 0.2 0.4 0.6 0.8 1
10-4

10-3

10-2

10-1

100

101

102 <latexit sha1_base64="9ztF7UFHuIe80YSvggd1Bn6g4l4=">AAAB/XicbVDJSgNBFOyJW4xbXG5eGhMhIoaZGIm5BQTxGMEskI2ezpukSc9Cd48QQ/BXvHhQxKv/4c2/sTMZxK1ORdUrXlF2wJlUpvlhJBYWl5ZXkquptfWNza309k5d+qGgUKM+90XTJhI486CmmOLQDAQQ1+bQsEcXM79xC0Iy37tR4wA6Lhl4zGGUKC310nuXvsBZ6J7gHHSPj7LY1uFeOmPmzQj4L7FikkExqr30e7vv09AFT1FOpGxZZqA6EyIUoxymqXYoISB0RAbQ0tQjLsjOJGo/xYda6WNH93B8T+FI/Z6YEFfKsWvrS5eoofztzcT/vFaonPPOhHlBqMCj80dOyLHy8WwK3GcCqOJjTQgVTHfFdEgEoUoPlopGKEfAc1IqxqRsfY1QL+St0/zZdSFTKcZzJNE+OkA5ZKESqqArVEU1RNEdekBP6Nm4Nx6NF+N1fpow4swu+gHj7RNJ+pON</latexit>
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<latexit sha1_base64="6GsacchTfdUgc4fEY5fOOepm+NY=">AAAB73icbZDLSgMxFIbPeK31VnXpJtgKrspMrdTuCm5cVrAXaIeSSTNtaJIZk4xQSl/CjQtF3Po67nwb0+kg3n4IfPznHM7JH8ScaeO6H87K6tr6xmZuK7+9s7u3Xzg4bOsoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK4W9c49VZpF8tZMY+oLPJIsZAQba3VL/REWApcGhaJbdlOhv+BlUIRMzUHhvT+MSCKoNIRjrXueGxt/hpVhhNN5vp9oGmMywSPasyixoNqfpffO0al1hiiMlH3SoNT9PjHDQuupCGynwGasf9cW5n+1XmLCS3/GZJwYKslyUZhwZCK0+DwaMkWJ4VMLmChmb0VkjBUmxkaUT0Oop0JLqFUzqHtfIbQrZe+8fHFTKTaqWRw5OIYTOAMPatCAa2hCCwhweIAneHbunEfnxXldtq442cwR/JDz9gl8t4/4</latexit>

<latexit sha1_base64="3152GTE4qmzz6mcHiiNTKi0JPxg=">AAAB/3icbZBLS8NAFIUn9VXrKyq4cTNYhLqpiVZqF0JBCi4r2FpoQ5hMJ+3QySTMTIQSK/hX3LhQxK1/w53/xmkaxNeBgY9z7mUux4sYlcqyPozc3PzC4lJ+ubCyura+YW5utWUYC0xaOGSh6HhIEkY5aSmqGOlEgqDAY+TaG51P8+sbIiQN+ZUaR8QJ0IBTn2KktOWaO/Fd6Qw2XHrYcJOeCKCnlycHrlm0ylYq+BfsDIogU9M133v9EMcB4QozJGXXtiLlJEgoihmZFHqxJBHCIzQgXY0cBUQ6SXr/BO5rpw/9UOjHFUzd7xsJCqQcB56eDJAayt/Z1Pwv68bKP3USyqNYEY5nH/kxgyqE0zJgnwqCFRtrQFhQfSvEQyQQVrqyQlpCLRWcQbWSQc3+KqF9VLaPyyeXlWK9ktWRB7tgD5SADaqgDi5AE7QABrfgATyBZ+PeeDRejNfZaM7IdrbBDxlvn3S7lXk=</latexit>

<latexit sha1_base64="BZbfVgK/xxA/5FUy6WyduHAuD/Y=">AAACA3icbZBNS8MwHMZTX+d8q3rTS3AInkark7nbQASPE9wLrKWkabqFpWlJUmGUghe/ihcPinj1S3jz25h1RXx7IPDjef5/kjx+wqhUlvVhLCwuLa+sVtaq6xubW9vmzm5PxqnApItjFouBjyRhlJOuooqRQSIIinxG+v7kYpb3b4mQNOY3apoQN0IjTkOKkdKWZ+5fetQJBcJZ4IyRylju0TwLtJt7Zs2qW4XgX7BLqIFSHc98d4IYpxHhCjMk5dC2EuVmSCiKGcmrTipJgvAEjchQI0cRkW5W/CGHR9oJYBgLfbiChft9I0ORlNPI15MRUmP5O5uZ/2XDVIXnbkZ5kirC8fyiMGVQxXBWCAyoIFixqQaEBdVvhXiMdCNK11YtSmgVgnNoNkpo2V8l9E7q9mn97LpRazfKOirgAByCY2CDJmiDK9ABXYDBHXgAT+DZuDcejRfjdT66YJQ7e+CHjLdPBNmYxw==</latexit>

<latexit sha1_base64="U4Xuxn+xbNjql6JibguRsaFtmRo=">AAAB9HicbZBLS8NAFIUn9VXrq+rSzWArVMSS1ErtQii4cVnBPqBNy2R6a4dOJnFmUiihv8ONC0Xc+mPc+W9M0yC+Dgx8nHMvczmOz5nSpvlhpJaWV1bX0uuZjc2t7Z3s7l5TeYGk0KAe92TbIQo4E9DQTHNo+xKI63BoOeOred6agFTME7d66oPtkjvBhowSHVl2nl1C7xQXoHdynO9nc2bRjIX/gpVADiWq97Pv3YFHAxeEppwo1bFMX9shkZpRDrNMN1DgEzomd9CJUBAXlB3GR8/wUeQM8NCT0RMax+73jZC4Sk1dJ5p0iR6p39nc/C/rBHp4YYdM+IEGQRcfDQOOtYfnDeABk0A1n0ZAqGTRrZiOiCRURz1l4hKqsfACKuUEqtZXCc1S0Tornt+UcrVyUkcaHaBDVEAWqqAaukZ11EAU3aMH9ISejYnxaLwYr4vRlJHs7KMfMt4+ASTQkMA=</latexit>

positron [electron] beam dump

e+ [e−]

γ

Monte Carlo simulation (PHITS 3.23)

<latexit sha1_base64="d2gxcxlqQsbKeaR4D8PoFvwKbrQ=">AAABgHicZY7LSsNAFIbP1FuNt6pLN2I3XUiaKUHBVUEqLizUS9pCW8JkelqGTjJDZiqE0mdwq4/m2xg1Lmq/1cf/nwN/pKUw1vM+SWljc2t7p7zr7O0fHB5Vjk+6Rs1TjgFXUqX9iBmUIsHACiuxr1NkcSSxF81uv/veK6ZGqOTFZhpHMZsmYiI4s3kUtOqt0AsrVc/1fjhfF1pIFQo6YWUyHCs+jzGxXDJjBrSh7WjBUiu4xKXjDDWborGZxAXG2mZLZzg3qBmf5fngqX350B4t2tmzFGO8U4ld6f+KpZMPo/9nrEu34dIr13/0q02/mFiGM7iAGlC4hibcQwcC4CDgDd7hg5RIjdQJ/T0tkeLnFFYgN19cl2G8</latexit>Ӻ�ӺЈ
e− [e+]

<latexit sha1_base64="UMzBN3nLjN13MK+9jFiCDV+ArCQ=">AAABl3icZY7LSsNAFIbP1FuNt6grdVMsiAspSSm6tCAtXbTQqr1AU8pkclqHTpIhMxVCCPg0bvV1fBtrjYvaf/Xxf+fA70rBlbasL5Lb2Nza3snvGnv7B4dH5vFJT4XziGGXhSKMBi5VKHiAXc21wIGMkPquwL47e/jx/VeMFA+DZx1LHPl0GvAJZ1QvqrF5flVzJhFlieN5BeeF6kIzXXItHZtFq2QtU1gHO4MiZGmPzYnjhWzuY6CZoEoN7bLUo4RGmjOBqWE4kk5R6Vhggr7UcWo4c4WSstmiHz62bpqtUdKKnwT3sB4GesX/idRYDLP/z1iHXrlk35YqnUqxWskm5uECLuEabLiDKjSgDV1g8Abv8AGf5Izckzpp/J7mSPZzCishnW/Rx2qc</latexit>ӺEԁࣞEӺ

Ø Beam-dependent contribution + beam-independent contribution.

Ø L mainly comes from low-energy shower.

Ø Low-energy side: independent of beam-type.

Ø High-energy side: mainly from the injected particle.
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(per beam particle)

<latexit sha1_base64="lM8jGJ33Am6YiDBoRAx29Ht/BNs=">AAABonicZY7NSsNAFIVv6l+Nf1GXbopVcCElKVVXQkEqIi201v5AU8JkclOHTpIhMxVCyBP4NG71SXwba42L2rM5h+/cC8cVnEllml9aYW19Y3OruK3v7O7tHxiHR30ZzWKKPRrxKB66RCJnIfYUUxyHIkYSuBwH7vTupx+8YixZFD6rROA4IJOQ+YwSNUeOcX5r+zGhqR2/RFk6dMyskQPPKzWzhTUyxyibFXOh0mqw8lCGXG3H8G0vorMAQ0U5kXJkVYUapyRWjHLMdN0WZIJSJRxTDIRKMt2eSRSETud89NS6bLbGaSvpcubhfRSqpf6vyPT5MOv/jNXQr1as68pVp1au1/KJRTiBU7gAC26gDg/Qhh5QeIN3+IBP7Ux71Dpa9/e0oOU/x7Akzf4GPONv3Q==</latexit>= 𝜌𝑋0 𝐸d𝐿d𝐸



“ILC beam dump experiments”

1. ILC

2. Merits of this proposal

3. Analysis

4. Physics Cases
v Sub-GeV new particles (non-DM)
v Sub-GeV DM

Agenda
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dump muon shield SM detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(1) Meta-stable, decaying into SM (and other) particles

<latexit sha1_base64="fSWV+yJRgCadHzmMsxBvciH/6rE=">AAAB5HicZY7LSsNAGIUn9VbjLerSTbEgLqQ0pepKqIjiwkq99AJNKZPJ3zh0kgyZv2IIeQN34tY38gF8DrcKtjYVas/q8J1z4NhScIXF4oeWmZtfWFzKLusrq2vrG8bmVkMFg5BBnQUiCFs2VSC4D3XkKKAlQ6CeLaBp989GefMRQsUD/x4jCR2Puj7vcUZxiLqGe92NLYQnjBV3fSqSRN87yf1BGQbOgI2qSWIh90CN+SljIJH6DFKcszyKD4yK3Plk6wACwyAcLi29a+SLheKvcrPGTE2epKp1jZ7lBGzggY9MUKXaZkliJ6YhciYg0XVLUhcURgJi8CRGiW4NFEjK+kPevq0eXFU7cTW6E9yBi8DHqXwSJKNj5v8bs6ZRKphHhcObcr5STi9myQ7ZJfvEJMekQi5JjdQJI+/kk3yRb62nPWsv2uu4mtHSzTaZkvb2A6icjYs=</latexit>𝑁signal = 𝑁production × Acceptance × ℰdetector
<latexit sha1_base64="N4d681dbfWK6tBhqbgMtWPMKqnM=">AAABh3icZY7LTsJAFIbP4A3qDXXphtiNC1NbAugS4yUuJEG0QEIJmQ4HMmHajp2pSUN4Dbf6Wr6NVesC+VZf/v+c5Pel4Erb9icprK1vbG4VS8b2zu7efvngsKuiJGboskhEcd+nCgUP0dVcC+zLGGngC+z5s+vvvveKseJR+KxTicOATkM+4YzqLPK8zu2Np3iALxVnVDZty/6hsipOLibktEfliTeOWBJgqJmgSg2cqtTDOY01ZwIXhuFJOkWlU4FzDKROF4aXKJSUzbJ80GmdPbSG81b6JPgY76JQL/V/xcLIhjn/Z6xKt2o5Dav+WDObtXxiEY7hBE7BgQtowj20wQUGEt7gHT5IiZyTBrn8PS2Q/OcIliBXX22qZL4=</latexit>≃ 1

~ Angular acceptance
  × Prob(decay inside the )
• Semi-analytic method ß our choice
• Monte Carlo simulation

model
dependence
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https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768


n Dark photon

n Axion-like particles (ALPs)

n Extra scalar boson

Benchmark models for meta-stable sub-GeV particles

<latexit sha1_base64="1rLfq+MlUrfhP/hS/Nyk9aPjl08=">AAAB0nicZU9NT8JAFNziF9Yv1KOXRg56UEIJ0StqYjxAgkrBhMVmWR64sm3X7laDZQ/Gq//IX+LRq/4JK6JRmcubzLw3mdcWnEmVz78Yqanpmdm59Ly5sLi0vJJZXavLIAopODTgQXjRJhI488FRTHG4ECEQr82h0e4fffqNWwglC/yaGghoeaTnsy6jRCWSm3GwR9QVJdwq47uY+UpjyTy4sXZjPEqPRZX5fY1BSMYDX1tDGP5YhzwCfbDlYi/S1vVlMpIQ8LSbyeZz+RGsSWKPSRaNUXUzXdwJaOSBrygnUjbtglCtmISKUQ7aNLEgPZBqwCHJF2qgTRxJEIT2E715VtkpV1pxZXDOWQeOg+SN3/63oc2kmP2/xiSpF3L2Xq54WsyWiuOKabSBNtE2stE+KqETVEUOougZvaI39G7UjHvjwXj8Wk0Z45t19AfG0weLAoWw</latexit>෫ЏμϬ ஂ ᅯ]Ԕ]Ӷᇋԙᇋ́ζ<latexit sha1_base64="enTB3MX7qvtaH1I3brQnEQBJU4k=">AAACMXicZU7LSgMxFE18O76q7nQz2EUFtXRK0W2rUFQs1EdVMO2QprcampkJk4xQQr5Kf6Y7cetPOK1VqV4COdxzzj2nLQVXulAY4Knpmdm5+YVFZ2l5ZXUts75xq6IkZtBgkYji+zZVIHgIDc21gHsZAw3aAu7avZMhf/cMseJReKP7EpoBfQx5lzOq05WfeSUB1U+MCvfCJSqRCrR7QLoxZV7JNWQUYOSxSMBWcy1DgoSESQr9b2j3RmoT+KaSs62iNemb8FVyrVTrVnJ++tmv4z+KOg97loBUXETh0Fv9Cfmb/hvpZ7KFfGE07n/gjUEWjafuZ7qkE7EkgFAzQZV68IpSNw2NNWcCrOMQSR9B6b4AA4HUfeuQRIGkrJfuH65q+xe1pqn1rwXvQDUK9QT/TVgnLeb9rfEf3Bbz3mG+dFnKlkvjigtoG+2gXeShI1RGp6iOGojhLVzGZ/gcv+ABfsPvX9IpPPZsoonBH59W3qlL</latexit>෫ ୣ ��ӻ ᇋᇌӻ ᇋᇌ � Ԝϵբ� ӶᇋӶᇋ  ᅯ�ӻ ᇋᇌӻ ᇋᇌ
<latexit sha1_base64="v9XCbM2fN/F7Qxs9/Gc6gnvd4Lc=">AAAC1HicfVDLjtMwFHXCawivDizZWHSDRKmaqsAKaQRSxaKVyqOdkcZtdOO6waqdRLGDFBmvEFv+iA9hzRb+ASdNYR4SV7J177n3+J7jOBdc6cHgh+dfuXrt+o2Dm8Gt23fu3usc3l+orCwom9NMZMVJDIoJnrK55lqwk7xgIGPBjuPt67p//IkVimfpB13lbCkhSfmGU9AOig69BXZBJOiPFISZWExUmSumgwbfFEBNaM3QYk OabSZ/JUpmSQ6F5iAiIksMeF+umtI+PUOUEayGF9gOsfhJvUpGhjAhXrKeY/aIhtKe4f5lzXi6bRs0MlBTcH1ZNzJxbtdg7f8EWhJD0WxyBhOQEhqluzR61rzV0pMCKov/ORjZpN7YTO5u9xfujJ1yWZLUCdZcrJkZ29UeCXDU6Q76gybw5SRsky5qYxZ1NmSd0VKyVFMBSp2Gw1wvTW2CCmaDwBlKmNKVYIbJXFc2IKViOdCtw0/fTXuT6dJMq/eCr9k4S/W5/r5hAycsvCjjcrIY9sPn/dHbUfdo1Eo8QA/RI/QYhegFOkJv0AzNEfW+ez+9X95vf+F/9r/4X3ejvtdyHqBz4X/7A9IN5ks=</latexit>෫ ୣ ��ᆉᇋԐᆉᇋԐ  ��ԜϵռԐϵ � ంӵ�րӴᇋӴᇑ �� Ԓռӵӵဆ ᆉᇋԐ ӯᅭᇋᅭΘӯ۽  ��ԖռᇁᇁԐӻᇋᇌ ࣠ӻ ᇋᇌ

Leptonic couplings assumed, photon coupling induced
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<latexit sha1_base64="tsh7jiyVaUBZ4QTyA272jgdYXzo=">AAACgXicZVBNa9tAEF3JbZOqX0577GWpLwk4RhKmOZRCaMH0EINb10kg64jVZqyq3pWEdrcglv0Pvbb/rP+mK1sJOHmHYXjvzcxj0ornUoXhP8/vPXr8ZG//afDs+YuXr/oHr89lqWsGC1bysr5MqQSeF7BQueJwWdVARcrhIl1/bvWLX1DLvCy+q6aCpaBZka9yRpWjkgOvhx2IoOoHo9ycWUykriSoYMOvaspMZE1s8aEhm3 Om+sQ1WFLRWuWUJ0RoPLdH1zE+3vGLZO643SHH2NYmtUgMAc7xRwxDt2FIFNUWmzv7LC/WNktaj72/xGVMaW22Wls7OatpY4/vMozdvJmTjApBt9XO8cTdFZoU2k6ubzub9AfhKNwAP2yirhmgDrOkvyI3JdMCCsU4lfIqiiu1NO1HGAcbBO47GUjVcDAgKtXYgGgJFWVrx199mw7PpkszbeY8v4FJWagd/VawgQsW3Y/xsDmPR9H70fjreHA67iLuo7foHTpEETpBp+gLmqEFYt5P77f3x/vr9/wjP/TjrdX3upk3aAf+h/8OoME0</latexit>෫ ୣ ��	ᆉᇋԈ
ϵ  ��ԜϵմԈϵ  ంӵ�րӴᇋӴᇑ ԖӵԈ ӯӯ۽  ��ԖմᇁᇁԈӻᇋᇌӻ ᇋᇌ

induce

Leptonic couplings assumed, photon coupling induced
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Dark photons

10-2 10-1 100 101
10-10

10-9

10-8

10-7

10-6

10-5

10-4

mA' [GeV]

ϵ

20 yr.1 yr.
Bremsstrahlung

Pair annihilation

SN

SHiP

Past beam dump

ILC-250
positron dump

E774 1991, FNAL e−, 275 GeV, 1010個, 2 m
E141 1987, SLAC e− 9 GeV, 1015個, 40 m
Orsay 1989, Orsay e−, 1.6 GeV, 1016個, 3 m
KEK LBDX 1986, KEK e−, 2.5 GeV, 1017個, 5 m
CHARM II 1991, CERN p, 450 GeV, 1019個, 870 m
E137 1988, SLAC e−, 20 GeV, 1020個, 400 m
ILC beam dump ????, Iwate e− / e+, 125 GeV, 1021個/年, 120 m
SHiP LHC Run 4, CERN p, 400 GeV, 1019個/年, 120 m

E774

E141
Orsay

KEK

E137
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APEX A1

SM PM
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[plan]

Asai, Iwamoto, Sakaki, Ueda [2105.13768]

Past beam dump: cf. Andreas, Niebuhr, Ringwald [1209.6083]

https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/1209.6083
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ILC-250

Dark photons: beam-dump comparison

positron main beam dump electron main beam dump

n Spot the difference!

e±

X

e±

�⇤
e+

X

e�

Bremsstrahlung

<latexit sha1_base64="OIClyWd2fn3DqchtFFPyR5T4I9M=">AAABfXicZY7NSsNAFIVv6l+NP426dCMG0UUJSQl2WxHEhYVaTVtoQplMb8vQSWbITIUQ+gZu9d18Gq0aF7Xf6uOce+HEkjOlXffDqGxsbm3vVHfNvf2Dw5p1dNxTYp5RDKjgIhvERCFnKQaaaY4DmSFJYo79eHb73fdfMFNMpM86lxglZJqyCaNEL6PuzeXIsl3H/eFsXbxSbCjpjKxJOBZ0nmCqKSdKDb2G1FFBMs0ox4VphpJMUemcY4GJ1PnCDOcKJaGzZT7stusP7aho50+cjfFOpHql/ysW5nKY93/GuvQajnft+I++3fLLiVU4hXO4Ag+a0IJ76EAAFCbwCm/wDp/GhVE3nN/TilH+nMAKRvMLHqNhvQ==</latexit>Ӷ

Pair annihilation

<latexit sha1_base64="OIClyWd2fn3DqchtFFPyR5T4I9M=">AAABfXicZY7NSsNAFIVv6l+NP426dCMG0UUJSQl2WxHEhYVaTVtoQplMb8vQSWbITIUQ+gZu9d18Gq0aF7Xf6uOce+HEkjOlXffDqGxsbm3vVHfNvf2Dw5p1dNxTYp5RDKjgIhvERCFnKQaaaY4DmSFJYo79eHb73fdfMFNMpM86lxglZJqyCaNEL6PuzeXIsl3H/eFsXbxSbCjpjKxJOBZ0nmCqKSdKDb2G1FFBMs0ox4VphpJMUemcY4GJ1PnCDOcKJaGzZT7stusP7aho50+cjfFOpHql/ysW5nKY93/GuvQajnft+I++3fLLiVU4hXO4Ag+a0IJ76EAAFCbwCm/wDp/GhVE3nN/TilH+nMAKRvMLHqNhvQ==</latexit>Ӷ
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Asai, Iwamoto, Sakaki, Ueda [2105.13768]

https://arxiv.org/abs/2105.13768
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Axion-like Particles
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Asai, Iwamoto, Sakaki, Ueda [2105.13768]

https://arxiv.org/abs/2105.13768
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Asai, Iwamoto, Sakaki, Ueda [2105.13768]

https://arxiv.org/abs/2105.13768
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positron [electron] beam dump

e+

γ

Monte Carlo simulation (PHITS 3.23)
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e−
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Ø Beam-dependent contribution + beam-independent contribution.

Ø L mainly comes from low-energy shower.

Ø Low-energy side: independent of beam-type.

Ø High-energy side: mainly from the injected particle.
/4534

(per beam particle)
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Asai, Iwamoto, Sakaki, Ueda [2105.13768]

https://arxiv.org/abs/2105.13768


“ILC beam dump experiments”

1. ILC

2. Merits of this proposal

3. Analysis

4. Physics Cases
v Sub-GeV new particles (non-DM)
v Sub-GeV DM

Agenda

/4535



dump muon shield
DM detector

(electron recoil)
2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

~ angular acc.

<latexit sha1_base64="fSWV+yJRgCadHzmMsxBvciH/6rE=">AAAB5HicZY7LSsNAGIUn9VbjLerSTbEgLqQ0pepKqIjiwkq99AJNKZPJ3zh0kgyZv2IIeQN34tY38gF8DrcKtjYVas/q8J1z4NhScIXF4oeWmZtfWFzKLusrq2vrG8bmVkMFg5BBnQUiCFs2VSC4D3XkKKAlQ6CeLaBp989GefMRQsUD/x4jCR2Puj7vcUZxiLqGe92NLYQnjBV3fSqSRN87yf1BGQbOgI2qSWIh90CN+SljIJH6DFKcszyKD4yK3Plk6wACwyAcLi29a+SLheKvcrPGTE2epKp1jZ7lBGzggY9MUKXaZkliJ6YhciYg0XVLUhcURgJi8CRGiW4NFEjK+kPevq0eXFU7cTW6E9yBi8DHqXwSJKNj5v8bs6ZRKphHhcObcr5STi9myQ7ZJfvEJMekQi5JjdQJI+/kk3yRb62nPWsv2uu4mtHSzTaZkvb2A6icjYs=</latexit>𝑁signal = 𝑁production × Acceptance × ℰdetector

Rough number is known.
 / Beyond theorists’ capability.

model
dependence

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

/4536

https://arxiv.org/abs/2301.03816
https://arxiv.org/abs/2301.03816
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Result (scalar elastic DM, positron beam dump)
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#(signal) = 1000
100

10

vs. #(BKG) ~ O(10)
  (our crude estimation)

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816
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Result (scalar elastic DM, elec/posi comparison)
<latexit sha1_base64="eCqx8Sa7/us/7aCRRph6HqUxGnw=">AAACD3icfY/LSsNAGIUn9VbjLerSTbCIVWxJxMtKqBdEocVqr9BJw2Q6TYdOLiQTSyl9CNc+iDsRXPkIPoJbfQETjYtW8Sx+Dt9//mGO4TLqc0V5FRITk1PTM8lZcW5+YXFJWl6p+k7gYVLBDnO8uoF8wqhNKpxyRuquR5BlMFIzuqfRvnZLPJ86dpn3XaJZyLRpm2LEQ6RLGrQQ72DE5DzsDajNh0cZSKlswp58Jh9v6tAKICNtnoa4Q5vb0EUep4g1Ix6STDTGYRjzqNnhW7qUUrLKl+TfRo1NCsQq6tI9bDk4sIjNMUO+31AVl2uD6HnMyFCEgU9chLvIJINCv8RoaxQ2bgo7+YL2szt3wkLixligVL6s/x+5+isjhm3U8b//NtXdrHqQ3b/eS+VO4l5JsAbWQRqo4BDkwAUoggrA4Bm8gXfwIdwJD8Kj8PQdTQjxzSoYkfDyCQ3umgo=</latexit>ℒint = −i𝑔D𝐴′𝜇 (𝜒∗𝜕𝜇𝜒 − 𝜒𝜕𝜇𝜒∗)

<latexit sha1_base64="HOG8gQ9k4eVsz9P92ICWmibmVs8=">AAAB1XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoq8Uk5hRkJMaUK7jYGuiZ6sTEcKnlxlc7qtfaGufGlFe7+NYCVRnoGYCBAibDEMpQZoCCgHiB2TEp+cmlual5Jck5icXF0YYGBSWx1YlFJZnJOam1XDGlxakFicnZiemp1b6VwTmZKaiC0UG+Oj6+sTA5t/y8klouVTQFwSGeEfiV+GNTwwX0jSG62zEZYUZ6hmZ6poEmyg5OUH9xMEgzKDFoMBgymDM4MHgwBDCEMiQzdDKsZ9jBsJMxnLGWsYWxDaKUiRGqR5gBBTD2AwD4l4CC</latexit>𝛼D = 0.5,𝑚𝐴′ = 3𝑚DM

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816


n Beam into water dump à neutrinos à background events.
Ø neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25

n Event selection  Erecoil > 1 GeV

Background Evaluation

electron recoil by neutrinos

Nuclear recoil by neutrinos : mis-ID

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

/4539

https://arxiv.org/abs/2301.03816


n Beam into water dump à neutrinos à background events.
Ø neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25

Background Evaluation Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

/4540

https://arxiv.org/abs/2301.03816


n Beam into water dump à neutrinos à background events.
Ø neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25

Background Evaluation Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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<latexit sha1_base64="PnIVlwhdvYs/DEA7/xzkXJsLnDg=">AAABvXicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxcbklir4xZTkx+QB6XgBZQM9AzBQwGQYQhnKDFAQEC8wOyYlP7k0NzWvJDknsbg42tCgoCS2OrGoJDM5J7WWK6a0OLUgMTk7MT212rcyOCczBVUwOshXx8c3Fibnlp9XUsuliqYgOMQzAr8Sf2xquIC+MUR3OyYjzEjP0EzPNNBE2cEJ6i8OBmkGJQYNBkMGcwYHBg+GAIZQhmSGQobpDAsYFjLaM6Yy5jDmQZQyMUL1CDOgAMZyAGAeeQU=</latexit>𝜇𝑁 → 𝜈𝑁

<latexit sha1_base64="nWtuFGKNazbE0qBrns8jvhdfQOI=">AAABxnicfY9LS8NAFIXv1FeNr/jYuQk2ggspSUHdFhWpaLHaJ7SlTCbTMnQyEzITSy0F/4cbt/qP/DdWjYu24lkdzvku3OOFnCntOB8otbC4tLySXjXW1jc2t8ztnZqScURolUguo4aHFeVM0KpmmtNGGFEceJzWvf7FV19/pJFiUlT0MKTtAPcE6zKC9STqmHvdSAaWfWlbWPiWfdMaWMrumBkn63zLmjduYjKQqNQxX1q+JHFAhSYcK9V0nVC3RzjSjHA6NlqxoiEmfdyjo+KwzJk/HTYfise3xfZvdyWFHhuHM0C5ct34H7n7izEma9zZ3+dNLZd1T7Mn97lM/jzZlYZ9OIAjcOEM8lCAElSBwBO8whu8owISKEaDHzSFkptdmBJ6/gSA13qu</latexit>

from 𝐷 and 𝐾s

<latexit sha1_base64="7goHQmXvM6ADALl9oWA0F6ePKCc=">AAAByXicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQuIpxXl5yqoxJQklqooJOalKKi4xJQrFKvECygb6BmAgQImwxDKUGaAgoB4gdkxKfnJpbmpeSXJOYnFxdGGBgUlsdWJRSWZyTmptVwxpcWpBYnJ2YnpqdW+lcE5mSmogtFBvjo+vrEwObf8vJJaLlU0BcEhnhH4lfhjU8MF9I0hutsxGWFGeoZmeqaBRsoOTlB/cTBIMygxaDAYMpgzODB4MAQwhDIkM9QyLGZYw7CW0ZuxkLGCsQqilIkRqkeYAQUwNgMAzUx8Jw==</latexit>

from 𝜏 and 𝐷s
<latexit sha1_base64="u+bXU19tQplBKswOWb2HX0GHoS0=">AAABvnicfY9LS8NAFIXv1FeNr6hLN8UgCEpJio9tUBBFg9U2baBJy2Q6LUMnmZCZiKX0fwiu9F/5b6waF23Fszqc8124J0w4k8o0P1BhYXFpeaW4qq2tb2xu6ds7DSmylFCXCC5SL8SSchZTVzHFqZekFEchp81wcPnVN59oKpmI62qY0CDC/Zj1GMFqErVv20e+En7CStyPs45umGXzW6V5Y+XGgFzVjv7qdwXJIhorwrGULctMVDDCqWKE07HmZ5ImmAxwn46cYY2z7nTYenSO75zgt7sSsRprBzNArX7j/Y/c/8VokzXW7O/zplEpW2fl04cTw77IdxVhD/bhECw4BxuuoQouEEjhBd7gHdmohyIkftACym92YUro+RMn9HmK</latexit>𝐾+ → 𝜋𝑙𝜈
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n Beam into water dump à neutrinos à background events.
Ø neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25

n Event selection  Erecoil > 1 GeV

Background Evaluation Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Ø Neutrinos from dumped beam
• electron recoil ~ 10  / 10 years
• nuclear recoil ~ 20000 × mis-ID rate / 10 years

Ø Neutrinos from cosmic rays  ~ O(10) / 10 years
 
Ø Noise ~ ??

/4542

https://arxiv.org/abs/2301.03816


/4543

Result (scalar elastic DM, elec/posi comparison)
<latexit sha1_base64="eCqx8Sa7/us/7aCRRph6HqUxGnw=">AAACD3icfY/LSsNAGIUn9VbjLerSTbCIVWxJxMtKqBdEocVqr9BJw2Q6TYdOLiQTSyl9CNc+iDsRXPkIPoJbfQETjYtW8Sx+Dt9//mGO4TLqc0V5FRITk1PTM8lZcW5+YXFJWl6p+k7gYVLBDnO8uoF8wqhNKpxyRuquR5BlMFIzuqfRvnZLPJ86dpn3XaJZyLRpm2LEQ6RLGrQQ72DE5DzsDajNh0cZSKlswp58Jh9v6tAKICNtnoa4Q5vb0EUep4g1Ix6STDTGYRjzqNnhW7qUUrLKl+TfRo1NCsQq6tI9bDk4sIjNMUO+31AVl2uD6HnMyFCEgU9chLvIJINCv8RoaxQ2bgo7+YL2szt3wkLixligVL6s/x+5+isjhm3U8b//NtXdrHqQ3b/eS+VO4l5JsAbWQRqo4BDkwAUoggrA4Bm8gXfwIdwJD8Kj8PQdTQjxzSoYkfDyCQ3umgo=</latexit>ℒint = −i𝑔D𝐴′𝜇 (𝜒∗𝜕𝜇𝜒 − 𝜒𝜕𝜇𝜒∗)

<latexit sha1_base64="HOG8gQ9k4eVsz9P92ICWmibmVs8=">AAAB1XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoq8Uk5hRkJMaUK7jYGuiZ6sTEcKnlxlc7qtfaGufGlFe7+NYCVRnoGYCBAibDEMpQZoCCgHiB2TEp+cmlual5Jck5icXF0YYGBSWx1YlFJZnJOam1XDGlxakFicnZiemp1b6VwTmZKaiC0UG+Oj6+sTA5t/y8klouVTQFwSGeEfiV+GNTwwX0jSG62zEZYUZ6hmZ6poEmyg5OUH9xMEgzKDFoMBgymDM4MHgwBDCEMiQzdDKsZ9jBsJMxnLGWsYWxDaKUiRGqR5gBBTD2AwD4l4CC</latexit>𝛼D = 0.5,𝑚𝐴′ = 3𝑚DM

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816
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Ø Energy の限界
<latexit sha1_base64="MF3zaMHftOldvGB/QFp3RnjZWEw=">AAABwXicZY5LT8JAFIWn+ML6qrp000iCmBDSIuLGBQZfC5vgg0LCkGZaLmTC9EFn0DRN/5C/xi3+GovUBXJWJ+c79+bYAaNcaNpMyq2tb2xu5bflnd29/QPl8Mjk/jR0oO34zA+7NuHAqAdtQQWDbhACcW0GHXvcnPPOO4Sc+t6biALou2Tk0SF1iEgjS7nFfBKKmCeYU1d1rfjmLCleL8Kqq97hj9hO3yUJxnJx3oGJWrqoa9gAs6zql/gBzHNLKWgV7VfqqtEzU0CZWpYyxAPfmbrgCYcRznt6NRD9mISCOgwSWcYBGQEXEYMY3EBEiYynHALijNO892KUn4x+bESvjA7g3vfEEv8DiZwO0//PWDVmtaLXK7XnWqFRyybm0Qk6RSWkoyvUQI+ohdrIQZ/oC83Qt9SUqBRI4aKak7KbY7QkKf4BMpV6Yg==</latexit>అԢ  Ԝբ � ఉ�ԜӺͣ΄͘ζஂ 	��� .F7 �� (F7


Ø ⾶程の下限

•Pair-annihilation の場合

• Bremsstrahlung の場合

感度曲線の物理的解釈

Ø 低 energy の shower 粒⼦は散らばりがち → ⾓度条件に引っかかる

Ø Injection 強度（とdecay volume の⻑さ）

（⾓度条件が実質的に
 low-energy threshold になっている）

<latexit sha1_base64="DQQyWp0mxfajLLXCCc/42/mlAz0=">AAAB9nicZU5LTwIxGGxVfKwPUI9eUA56MGQXiR6MCcZEPUjiCzWxSEr5gIZ2t267hs2mf8Wb8erf8eRfcYX1gM7lm8zMN5m2Elwb1/3EU9Mzudm5+QVncWl5JV9YXbvTQRQyaLBABOFDm2oQ3IeG4UbAgwqByraA+/bg5Me/f4FQ88C/NbGCpqQ9n3c5oyaVWoWYGBiapCt4r2/sEemGlCWqlRxvW5vI0SVnVEpqiTaUDUIQm6Rn0kJZPHBJ5CfSHpLniHaccY5QpcJgWBw3ESpUnxJQmovAf6oUZVa9Z1uFklt2Ryj+J15GSijDZavQJZ2ARRJ8wwTV+tGrKNNMaGg4E2AdhyjaA21iAQlIZWLrkEiDSlen+uN1ffei3kzq8Y3gHTgNfDPh/xrWSYd5f2f8J3eVsrdfrl5VS7VqNnEebaAttIM8dIBq6BxdogZi6Avn8ArO4yF+xW/4fRydwtnPOpoA/vgGuDCQyQ==</latexit>

flight � ԟբԜբစ Ώஎ �� N� စ ஈ ᅫᅯϵԜբ�
<latexit sha1_base64="oYSxKhEM1NtOULGIPvMuzipPq7Q="></latexit> ԟբ  ӺϣπЀ΄ϝր�  Ԝϵբ�Ԝր ᅯ  ��ϩ

<latexit sha1_base64="1AkNS63oRyFja3EbXcBg2AukTt4="></latexit> ԟբ  ෮	(F7
 ᅯԜբ  ��Ϩ (F7
<latexit sha1_base64="K8nofcF4AQNEDtp3LfLWckdMnfM="></latexit>

• ԡό΄ϝό � ԡͷ΄Ϭ ࡈ ᅲ  	� N
�	��� N
 � ����
• our approx. ᅲφ ஈ 	Ӻր�(F7
������ ࠶ Ӻր எ ��� (F7 ࠶ ఉ�ԜրӺր� ஂ �� .F7
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