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Non-collider experiments (for particle physics)
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Fixed-target / Beam dump

Pic. from David’s slide

Pic. from arXiv:1901.04468

This talk

Off-axis detector

Forward detector

etc…

proton proton MATHUSLA

X

https://indico.cern.ch/event/748511/contributions/3096050/attachments/1705370/2747660/davidcurtin_MATHUSLA_overview_MATHUSLA_Simons_Workshop_30m_v1.key.pdf


(one page for very basic terms…)
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(beam line)
beam

Made of C (Z=6), Cu (Z=29), Pb (Z=82), H2O,  Concrete, …

target shield

If this kind of system is used for discarding beams, this is called beam dump.



Contents

(1) Basics of fixed target experiments using e+/e- beam

- This will help you calculate the sensitivity of your favorite model from 
the beginning by yourself without any input.

(2) Introducing some fixed target experiments and their features

- This will help you consider an experimental setup by yourself.

(3) What can we do at ILC and KEK?

4



Fixed target vs Collider
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• Center of mass

Fixed target experiment is Luminosity frontier

(High)
p
s (Collider) = 2Ebeam

p
s (Fixed-target) =

q
m2

beam +m2
target + 2Ebeammtarget

<latexit sha1_base64="yIQEZpseKezn36L71CprrEsUltI="></latexit>

(Low)

(X0 is radiation length of target (later pages))

(Nbeam ~1021/ year @ILC)

• Luminosity

L(LHC) = 3000 fb
�1

L(Fixed-target) ⇠ Nbeam

1013

1

Z2

(thickness of target)

X0
fb

�1

<latexit sha1_base64="BF7z1thMSrsdU1u7YrlJq1eg9YU="></latexit>
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• Complementary to Collider experiments

• It can coexist with a collider facility and is relatively low cost.

coupling
mass

~1 GeV

Fixed Target

~1 TeV

Collider

Fixed target vs Collider
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Electromagnetic shower:  Leptons and photons are produced

e+
e-

μ+
μ-

γ
γ

suppressed by (me/mμ)2 ~ 1/40000

Physical processes

cr
os
s 
se
ct
io
n 
[b
ar
n]

Interactions via real photon is dominant.  Those via 
virtual photon is important only for very thin target.

E. Frytag

e
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γ

Physical processes

cr
os
s 
se
ct
io
n 
[b
ar
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…

nuclear/nucleus

N*

Photonuclear interaction:  Mesons and baryons are produced

  (N=p,n)
γ N → π p (+X)
γ N → π n (+X)
γ N → K Λ (+X)
γ N → K Σ (+X)
γ N → rho p (+X)
…

Interactions via real photon is dominant.  Those via 
virtual photon is important only for very thin target.

E. Frytag
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γ

Physical processes

(nuclear/nucleus)

N*

Secondary hadron interaction / decay / capture
Secondary lepton  …

…n

μ+
μ-

(e.g., n n → n n π0,  π0 → γγ)

N N

π



Number of interaction
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target

L (thickness of target)

( j = nuclear )

nj (number density of j in target)

Beam i interacts with j in target

j

j depends on process

(cross section) σ

(beam) i

i

j

i

( j = atomic electron )

nnuclear =
Navo⇢

A
ne = Z nnuclear

<latexit sha1_base64="UfJW0EMV9Qpq6pzBydeUV//83HE="></latexit>

Navo : Avogadro constant
ρ :  mass density
Z :  atomic number
A :  mass number
(Aluminium:  ρ=2.7g/cm3, Z=13, A=27)

Z e

e

N(interaction) = N(beam) nj L �(E)
<latexit sha1_base64="5jwPCkrBKi4Q1jMTxZOgYUCIp+0="></latexit>



N(interaction) = N(beam) nj L �(E)
<latexit sha1_base64="5jwPCkrBKi4Q1jMTxZOgYUCIp+0="></latexit>

Luminosity
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Thin target

Luminosity

L < O(0.1)X0
<latexit sha1_base64="7Wdk0S6TQ/BB1etgze+dR9O79hs=">AAAB/nicbZBLS8NAFIUnPmt9RcWVIINFqJuQ+KAWRApuXAhWsA9oQ5hMJ+3QyYOZiVBCwb+hOzcuFHHr73Dnv3GSFPF1YODj3HuZw3EjRoU0zQ9tanpmdm6+sFBcXFpeWdXX1psijDkmDRyykLddJAijAWlIKhlpR5wg32Wk5Q7P0nnrhnBBw+BajiJi+6gfUI9iJJXl6JsXJ10fyQFGLLkcl03D2ms7pqOXTMPMBP+CNYFSbfsu1X3d0d+7vRDHPgkkZkiIjmVG0k4QlxQzMi52Y0EihIeoTzoKA+QTYSdZ/DHcVU4PeiFXL5Awc79fJMgXYuS7ajONKn7PUvO/WSeW3rGd0CCKJQlw/pEXMyhDmHYBe5QTLNlIAcKcqqwQDxBHWKrGilkJ1Uwwh8rhBKrWVwnNfcM6MI6uVBunIFcBbIEdUAYWqIAaOAd10AAYJOABPIFn7VZ71F6013x1SpvcbIAf0t4+AbKwmM0=</latexit>

ex) N(beam) ~ 4*1021 / year  @ILC

X0 : radiation length  (You will see this in any literature)

  -  Characteristic length of EM shower
  -  The length that the electron energy becomes Ebeam/e ~ 0.36 Ebeam.
  -  (9/7)*X0 = Photon’s mean free path
  -  X0 (Cu) = 1.4 cm, ….

(This is for j=nuclear.  Z2 is replaced to Z for j=atomic electron.)

Luminosity ⇠ N(beam)

1013
1

Z2

L

X0
fb�1

<latexit sha1_base64="OVb69Sk8MVnhMUYBHNLwDf+hHN8="></latexit>



Luminosity
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beam e- e-
e-

e+γ γ

target

+ +

+

Lelectron =
<latexit sha1_base64="lkl8Dv8DGn0ZN1LQOeIDL74i0Rc=">AAAB+nicbZDLSsNAFIYn9VbrLa1LN0OL4KokWqldCAVduHBRwV6gDWEynbRDJ5MwM1FK7KO4cVERt259A1fufBunaRFvPwx8/OcczpnfixiVyrI+jMzS8srqWnY9t7G5tb1j5gstGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXujs1m9fUOEpCG/VuOIOAEacOpTjJS2XDN/6SY9EUDCCFYi5JNT1yxZZSsV/Av2Akr17Ntr4XxabLjme68f4jggXGGGpOzaVqScBAlFMSOTXC+WJEJ4hAakq5GjgEgnSU+fwH3t9KEfCv24gqn7fSJBgZTjwNOdAVJD+bs2M/+rdWPlnzgJ5VGsCMfzRX7MoArhLAfYp0L/mI01ICyovhXiIRIIK51WLg2hlgrOoVpZQM3+CqF1WLaPysdXOo0KmCsL9kARHAAbVEEdXIAGaAIMbsE9mIJH4854MJ6M53lrxljM7IIfMl4+AVZsl2A=</latexit>

Lpositron =
<latexit sha1_base64="nsIPYgxfjmpiPXkaSVSDv70/tZg=">AAAB+nicbZDLSgMxGIUz9VbrbaoLF26CRXBVZrRSuxAKbhRcVLAXaEvNpGkbmkmGJKOUsY/ixoUibgXfw50v4NJnMJ0p4u1A4OOc/yc/xwsYVdpx3qzUzOzc/EJ6MbO0vLK6ZmfXa0qEEpMqFkzIhocUYZSTqqaakUYgCfI9Rure8HiS16+IVFTwCz0KSNtHfU57FCNtrI6dPetELenDQCiqpeDjo46dc/JOLPgX3Cnkypun7x8vqctKx35tdQUOfcI1ZkippusEuh0hqSlmZJxphYoECA9RnzQNcuQT1Y7i08dwxzhd2BPSPK5h7H7fiJCv1Mj3zKSP9ED9zibmf1kz1L3DdkR5EGrCcfJRL2RQCzjpAXapJFizkQGEJTW3QjxAEmFt2srEJZRiwQSKhSmU3K8Sant5dz9/cG7aKIBEabAFtsEucEERlMEJqIAqwOAa3IJ78GDdWHfWo/WUjKas6c4G+CHr+RNev5gg</latexit>

L� =
<latexit sha1_base64="902vtjAKKltsZbwisS7OfG9ZPOw=">AAAB+HicbZDLSsNAGIUn9VbrpVEXLtwMFsFVSbRSuxAKbhRcVLAXaEKcTKd16EwSZiZCDX0SNy4UcevG93DnC7j0GZwmRbwdGPg45/+Zn+NHjEplWW9GbmZ2bn4hv1hYWl5ZLZpr6y0ZxgKTJg5ZKDo+koTRgDQVVYx0IkEQ9xlp+8PjSd6+JkLSMLhQo4i4HA0C2qcYKW15ZvHMSxzBoTNAnKPxkWeWrLKVCv4Fewql+ubp+8dL7rLhma9OL8QxJ4HCDEnZta1IuQkSimJGxgUnliRCeIgGpKsxQJxIN0kPH8Md7fRgPxT6BQqm7veNBHEpR9zXkxypK/k7m5j/Zd1Y9Q/dhAZRrEiAs4/6MYMqhJMWYI8KghUbaUBYUH0rxFdIIKx0V4W0hFoqmEG1MoWa/VVCa69s75cPznUbFZApD7bANtgFNqiCOjgBDdAEGMTgFtyDB+PGuDMejadsNGdMdzbADxnPn1O7lu0=</latexit>

Thick target

Luminosity

L > O(1)X0
<latexit sha1_base64="1hCGeOOxNsHWtSgJSvDfJ+JiogU=">AAAB/HicbZBLS8NAFIUnPmt9RbsUZLAIdVMSH9RuSsGNC8EK9gFtCJPppB06eTAzEUKo/0M3blwo4tYf4s5/4yQp4uvAwMe59zKH44SMCmkYH9rc/MLi0nJhpbi6tr6xqW9td0QQcUzaOGAB7zlIEEZ90pZUMtILOUGew0jXmZyl8+4N4YIG/rWMQ2J5aORTl2IklWXrpYvGwENyjBFLLqcV86BnG7ZeNqpGJvgXzBmUm7t3qe5btv4+GAY48ogvMUNC9E0jlFaCuKSYkWlxEAkSIjxBI9JX6COPCCvJwk/hvnKG0A24er6Emfv9IkGeELHnqM00qPg9S83/Zv1IuqdWQv0wksTH+UduxKAMYNoEHFJOsGSxAoQ5VVkhHiOOsFR9FbMS6plgDrXjGdTNrxI6h1XzqHpypdpogFwFsAP2QAWYoAaa4By0QBtgEIMH8ASetVvtUXvRXvPVOW12UwI/pL19AtCjmF0=</latexit>

N(interaction) =

Z Ebeam

0
dEi0 N(beam) nj

dLi0

dEi0
�(Ei0)

<latexit sha1_base64="j8qf5CtrFQdVvCTNX1XzDiS4IA0="></latexit>

: Track length = ( Averaged total flight length of i’ in target with energy range [E, E+dE] )dLi0

dEi0
<latexit sha1_base64="IkcS1wdYdl+NEI0uGbma1VG7fjY=">AAACAHicbZDLSgMxGIUz9VbrbdSFCzfBIroqM16odSEVEVyIVLAXaIeSyWTa0MyFJCOUYbrwVdy4UMStj+HOR/AtTGeKeDsQ+Djn/0ly7JBRIQ3jXctNTc/MzuXnCwuLS8sr+upaQwQRx6SOAxbwlo0EYdQndUklI62QE+TZjDTtwdk4b94SLmjg38hhSCwP9XzqUoyksrr6RsflCMfOZTemO0kSO+cZdPWiUTJSwb9gTqBYrRyPTq9GH7Wu/tZxAhx5xJeYISHaphFKK0ZcUsxIUuhEgoQID1CPtBX6yCPCitMPJHBbOQ50A66OL2Hqft+IkSfE0LPVpIdkX/zOxuZ/WTuS7pEVUz+MJPFxdpEbMSgDOG4DOpQTLNlQAcKcqrdC3EeqEak6K6QlVFLBDMoHE6iYXyU09krmfunwWrVxAjLlwSbYArvABGVQBRegBuoAgwTcg0fwpN1pD9qz9pKN5rTJzjr4Ie31E26+mlY=</latexit>
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: Track length = ( Averaged total flight length of i’ in target with energy range [E, E+dE] )

Luminosity

dLi0

dEi0
<latexit sha1_base64="IkcS1wdYdl+NEI0uGbma1VG7fjY=">AAACAHicbZDLSgMxGIUz9VbrbdSFCzfBIroqM16odSEVEVyIVLAXaIeSyWTa0MyFJCOUYbrwVdy4UMStj+HOR/AtTGeKeDsQ+Djn/0ly7JBRIQ3jXctNTc/MzuXnCwuLS8sr+upaQwQRx6SOAxbwlo0EYdQndUklI62QE+TZjDTtwdk4b94SLmjg38hhSCwP9XzqUoyksrr6RsflCMfOZTemO0kSO+cZdPWiUTJSwb9gTqBYrRyPTq9GH7Wu/tZxAhx5xJeYISHaphFKK0ZcUsxIUuhEgoQID1CPtBX6yCPCitMPJHBbOQ50A66OL2Hqft+IkSfE0LPVpIdkX/zOxuZ/WTuS7pEVUz+MJPFxdpEbMSgDOG4DOpQTLNlQAcKcqrdC3EeqEak6K6QlVFLBDMoHE6iYXyU09krmfunwWrVxAjLlwSbYArvABGVQBRegBuoAgwTcg0fwpN1pD9qz9pKN5rTJzjr4Ie31E26+mlY=</latexit>

Thick target

Luminosity

L > O(1)X0
<latexit sha1_base64="1hCGeOOxNsHWtSgJSvDfJ+JiogU=">AAAB/HicbZBLS8NAFIUnPmt9RbsUZLAIdVMSH9RuSsGNC8EK9gFtCJPppB06eTAzEUKo/0M3blwo4tYf4s5/4yQp4uvAwMe59zKH44SMCmkYH9rc/MLi0nJhpbi6tr6xqW9td0QQcUzaOGAB7zlIEEZ90pZUMtILOUGew0jXmZyl8+4N4YIG/rWMQ2J5aORTl2IklWXrpYvGwENyjBFLLqcV86BnG7ZeNqpGJvgXzBmUm7t3qe5btv4+GAY48ogvMUNC9E0jlFaCuKSYkWlxEAkSIjxBI9JX6COPCCvJwk/hvnKG0A24er6Emfv9IkGeELHnqM00qPg9S83/Zv1IuqdWQv0wksTH+UduxKAMYNoEHFJOsGSxAoQ5VVkhHiOOsFR9FbMS6plgDrXjGdTNrxI6h1XzqHpypdpogFwFsAP2QAWYoAaa4By0QBtgEIMH8ASetVvtUXvRXvPVOW12UwI/pL19AtCjmF0=</latexit>

N(interaction) =

Z Ebeam

0
dEi0 N(beam) nj

dLi0

dEi0
�(Ei0)

<latexit sha1_base64="j8qf5CtrFQdVvCTNX1XzDiS4IA0="></latexit>

0 0.2 0.4 0.6 0.8 1
10-4

10-3

10-2

10-1

100

101

102

Monte Carlo simulation
Fit function

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

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

beam = e� (e+)
<latexit sha1_base64="6jksobSBQkx7gZLBNhDtVQUe9FU=">AAAB/nicbZBLSwMxFIUz9VXrqyqu3ARboaKWmVqpXQgFNy4r2Af0RSa9bUMzD5KMUIaCf8WNC0Xc+jvc+W9Mp4P4OhD4OOdecjm2z5lUpvlhJBYWl5ZXkquptfWNza309k5deoGgUKMe90TTJhI4c6GmmOLQ9AUQx+bQsMdXs7xxB0Iyz71VEx86Dhm6bMAoUdrqpfdsPYyzlxi6p7h9koPu8VEW99IZM29Gwn/BiiGDYlV76fd236OBA66inEjZskxfdUIiFKMcpql2IMEndEyG0NLoEgdkJ4zOn+JD7fTxwBP6uQpH7veNkDhSThxbTzpEjeTvbGb+l7UCNbjohMz1AwUunX80CDhWHp51gftMAFV8ooFQwfStmI6IIFTpxlJRCeVIeA6lYgxl66uEeiFvneXPbwqZSjGuI4n20QHKIQuVUAVdoyqqIYpC9ICe0LNxbzwaL8brfDRhxDu76IeMt08STJNV</latexit>

i = e� (e+)
<latexit sha1_base64="usq1+nWhT1xU+LB+vZEJgGFDk9w=">AAAB+HicbZBLS8NAFIUn9VXro1GXbgZboaKWpFZqF0LBjcsK9gFtWibT23bo5MHMRKihv8SNC0Xc+lPc+W9M0yC+Dgx8nHMvczm2z5lUhvGhpZaWV1bX0uuZjc2t7ay+s9uUXiAoNKjHPdG2iQTOXGgopji0fQHEsTm07MnVPG/dgZDMc2/V1AfLISOXDRklKrL6ejbPLqF3irsnBegdH+X7es4oGrHwXzATyKFE9b7+3h14NHDAVZQTKTum4SsrJEIxymGW6QYSfEInZASdCF3igLTC+PAZPoycAR56InquwrH7fSMkjpRTx44mHaLG8nc2N//LOoEaXlghc/1AgUsXHw0DjpWH5y3gARNAFZ9GQKhg0a2YjokgVEVdZeISqrHwAirlBKrmVwnNUtE8K57flHK1clJHGu2jA1RAJqqgGrpGddRAFAXoAT2hZ+1ee9RetNfFaEpLdvbQD2lvn7vukY0=</latexit>

e+ (e�)
<latexit sha1_base64="9THnBCX/ywyGSr4wMqizeYiKTQc=">AAAB9HicbZDNSwJBGMZn7cvsy+rYZUgDo5JdM8yb0KWjQaagq8yO7+rg7Eczs4KIf0eXDkV07Y/p1n/TuC7R1wMDP57nfZmXxwk5k8o0P4zU0vLK6lp6PbOxubW9k93du5NBJCg0aMAD0XKIBM58aCimOLRCAcRzODSd0dU8b45BSBb4t2oSgu2Rgc9cRonSlp2H7gnunBage3ac72VzZtGMhf+ClUAOJar3su+dfkAjD3xFOZGybZmhsqdEKEY5zDKdSEJI6IgMoK3RJx5IexofPcNH2uljNxD6+QrH7veNKfGknHiOnvSIGsrf2dz8L2tHyr20p8wPIwU+XXzkRhyrAM8bwH0mgCo+0UCoYPpWTIdEEKp0T5m4hGosvIBKOYGq9VXCXalonRcvbkq5WjmpI40O0CEqIAtVUA1dozpqIIru0QN6Qs/G2Hg0XozXxWjKSHb20Q8Zb5/2ApCi</latexit>

Ei
dl̂i
dEi

<latexit sha1_base64="tusjuUxA9pC8pcSBDe2zzbBSoiM=">AAACA3icbZDLSsNAGIUn9VbrLepON4NFcFUSrdTuCiK4rGAv0IQwmUzaoZMLMxOhhIAbV76HIC4UcetD6M4n8CHcOE2LeDsw8HHO/zMzx40ZFdIw3rTCzOzc/EJxsbS0vLK6pq9vtEWUcExaOGIR77pIEEZD0pJUMtKNOUGBy0jHHR6P884F4YJG4bkcxcQOUD+kPsVIKsvRt04cavkc4dSzBkimLHNolnrKzRy9bFSMXPAvmFMoN4yX2493dt109FfLi3ASkFBihoTomUYs7RRxSTEjWclKBIkRHqI+6SkMUUCEneZ/yOCucjzoR1ydUMLc/b6RokCIUeCqyQDJgfidjc3/sl4i/SM7pWGcSBLiyUV+wqCM4LgQ6FFOsGQjBQhzqt4K8QCpRqSqrZSXUM8FJ1CrTqFufpXQ3q+YB5XDM9VGFUxUBNtgB+wBE9RAA5yCJmgBDC7BDbgHD9qVdqc9ak+T0YI23dkEP6Q9fwJqdp2G</latexit>

Ei
dLi

dEi
<latexit sha1_base64="PhLBsb31zKplFQcESr5IqEmSriI=">AAAB/nicbZDLSsNAGIUnXmu9RcWVm8EiuCqJF2pdSEUEFyIV7AXaECaTSTt0cmFmIpSQ4qu4caGIW5/DnY/gWzhNing7MHA45/+Zn8+JGBXSMN61qemZ2bn5wkJxcWl5ZVVfW2+KMOaYNHDIQt52kCCMBqQhqWSkHXGCfIeRljM4G/etW8IFDYMbOYyI5aNeQD2KkVSRrW+e2xR2PY5w4l7aNE1cFaS2XjLKRib415gTU6pVj0enV6OPuq2/dd0Qxz4JJGZIiI5pRNJKEJcUM5IWu7EgEcID1CMdZQPkE2El2fkp3FGJC72QqxdImKXfNxLkCzH0HTXpI9kXv7tx+F/XiaV3ZCU0iGJJApx/5MUMyhCOWUCXcoIlGyqDMKfqVoj7SLGQilgxg1DNBHNTOZiYqvkFoblXNvfLh9eKxgnIVQBbYBvsAhNUQA1cgDpoAAwScA8ewZN2pz1oz9pLPjqlTXY2wA9pr59vB5kx</latexit>

L = 30 X0
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EM shower increase Luminosity
from low energy particles

L = 0.1 X0


(Thin target)
e-

e+

γ

e-

e+

γ
e-

e+

γ

d(Luminosity)

d log10(E/Ebeam)
⇥ Z2 ⇥ fb�1/s

<latexit sha1_base64="G293QShM9/0CgPGYXDgYAyZ/FmM="></latexit>

E / Ebeam E / Ebeam E / Ebeam

N(beam) = 1013 /s

L = 1 X0

L = 30 X0


(Thick target)

Luminosity

Thick target

Luminosity

L > O(1)X0
<latexit sha1_base64="1hCGeOOxNsHWtSgJSvDfJ+JiogU=">AAAB/HicbZBLS8NAFIUnPmt9RbsUZLAIdVMSH9RuSsGNC8EK9gFtCJPppB06eTAzEUKo/0M3blwo4tYf4s5/4yQp4uvAwMe59zKH44SMCmkYH9rc/MLi0nJhpbi6tr6xqW9td0QQcUzaOGAB7zlIEEZ90pZUMtILOUGew0jXmZyl8+4N4YIG/rWMQ2J5aORTl2IklWXrpYvGwENyjBFLLqcV86BnG7ZeNqpGJvgXzBmUm7t3qe5btv4+GAY48ogvMUNC9E0jlFaCuKSYkWlxEAkSIjxBI9JX6COPCCvJwk/hvnKG0A24er6Emfv9IkGeELHnqM00qPg9S83/Zv1IuqdWQv0wksTH+UduxKAMYNoEHFJOsGSxAoQ5VVkhHiOOsFR9FbMS6plgDrXjGdTNrxI6h1XzqHpypdpogFwFsAP2QAWYoAaa4By0QBtgEIMH8ASetVvtUXvRXvPVOW12UwI/pL19AtCjmF0=</latexit>

N(interaction) =

Z Ebeam

0
dEi0 N(beam) nj

dLi0

dEi0
�(Ei0)

<latexit sha1_base64="j8qf5CtrFQdVvCTNX1XzDiS4IA0="></latexit>



New particle production

15

e-, e+, photon, muons, …

nucleus, proton, neutron, atomic electron

…

New particle

e ALP γ
γ

(target)

e, muon

nucleus

A’

e+

atomic electron

photon

nucleus

ALP e+

atomic electron

A’ ALP

(Examples)



New particle production
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e-, e+, photon, muons, …

nucleus, proton, neutron, atomic electron

…

New particle

x [cm]
target

(Tungsten)
↓

e- (4 GeV)

Photon flux
Standard Model (Only EM shower)(air)

e, muon

nucleus

A’

e+

atomic electron

photon

nucleus

ALP e+

atomic electron

A’ ALP

(Examples)



New particle production

17

e-, e+, photon, muons, …

nucleus, proton, neutron, atomic electron

…

New particle

x [cm]

e- (4 GeV)

ALP flux
production

decay (ALP → γγ)

target
(Tungsten)

↓

(air)

e, muon

nucleus

A’

e+

atomic electron

photon

nucleus

ALP e+

atomic electron

A’ ALP

(Examples)



New particle production
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e-, e+, photon, muons, …

nucleus, proton, neutron, atomic electron

…

New particle

x [cm]

e- (4 GeV)

Photon flux
target

(Tungsten)
↓

ALP → γγ

e, muon

nucleus

A’

e+

atomic electron

photon

nucleus

ALP e+

atomic electron

A’ ALP

(Examples)



How to calculate the number of signals

19

Formulae of track length

(Thick target)

Thick-Target Bremsstrahlung and Target Considerations for Secondary-Particle Production by Electrons
Yung-Su Tsai, Van Whitis
Phys.Rev. 149 (1966) 1248-1257

(1) Analytic

(2) Fitting

(3) Monte Carlo
simulation

or

or

(Possible to calculate for arbitrary experimental geometry.)

N(total) = N(beam) nj L �NP(Ebeam)
<latexit sha1_base64="ZdAUYxOywKHHHMGb9p9f53IHFnY="></latexit>

(Thin target)

(for thick target)
See appendix for arbitrary beam energy and target material:
arxiv: 2105.13768

N(total) =

Z Ebeam

0
dEi N(beam) nj

dLi

dEi
�NP(Ei)

<latexit sha1_base64="d9FJiCTRkBYwZcg91l0cHQg/fvQ="></latexit>

https://arxiv.org/abs/2105.13768


Decay probability

z0

Target + Shield

z0

Decay volume
Detector

A B

(X is produced at z=0.)

20

N(X decays on decay volume) = N(total)⇥ e�A/l ⇥ (1� e�(B�A)/l)
<latexit sha1_base64="+DL9l8VWfqobSXn9OgmtueDhGNU="></latexit>

dN

dz
(X decays at z) = N(total)⇥ 1

l
e�z/l, l =

pX
mX

1

�X
<latexit sha1_base64="bNhEgGM6gTCxw4RAUfu0GPNzNFA="></latexit>

生成



Target + Shield

z0

Detector

A B

Angular acceptance

X induced by e+, e-, photon

 (1)  EM shower’s angle
 (2)  X production angle
 (3)  X decay angle

X

Check if decay particles enter the detector

X induced by muons 

 (1)  EM shower’s angle
 (2)  Muon pair production angle
 (3)  Multiple coulomb scattering angle 
 (4)  X production angle
 (5)  X decay angle

21

r?
<latexit sha1_base64="XhQYmkL0vuc0V3QqsvHZfTXXa3g=">AAAB8HicbZDLSgMxFIYzXmvrpdalm2AVuiozXqjdSMGNywr2Iu1QMmnahiaZkGSEMtQncOdGQRG3Po4738Z0poi3HwIf/zmHc/IHklFtXPfDWVhcWl5Zzaxlc+sbm1v57UJTh5HCpIFDFqp2gDRhVJCGoYaRtlQE8YCRVjA+n9VbN0RpGoorM5HE52go6IBiZKx1rXpxVxIlp7180S27ieBf8OZQrBUe725L+7l6L//e7Yc44kQYzJDWHc+Vxo+RMhQzMs12I00kwmM0JB2LAnGi/Tg5eAoPrNOHg1DZJwxM3O8TMeJaT3hgOzkyI/27NjP/q3UiMzj1YypkZIjA6aJBxKAJ4ez3sE8VwYZNLCCsqL0V4hFSCBubUTYJoZoIplA5nkPV+wqheVj2jsonlzaNM5AqA3bBHigBD1RADVyAOmgADDi4B0/g2VHOg/PivKatC858Zgf8kPP2CZcak4s=</latexit>

See details: YS, D.Ueda, arXiv:2009.13790

signal

https://arxiv.org/abs/2009.13790


Simulation tool

e- (4 GeV)

ex) photon flux in ALP model

• MC simulations give more precise results.

• If you often use MC tools in your study, you will choose Geant4 which is a de-fact 
standard code in HEP.  But, the learning cost is high.

• PHITS is very easy to use and has comparable accuracy of particle transportation 
compared to Geant4.

https://phits.jaea.go.jp/indexj.html
https://phits.jaea.go.jp/ (English)

• PHITS for BSM is under construction, in which we can easily implement BSM and 
non-BSM processes. (Please contact me if you want now.)

22

https://phits.jaea.go.jp/indexj.html
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PHITS

 [ parameters ]
   maxcas  =  10000

 [ source ]
   proj = positron
     e0 = 4000   
      z0 = -5   

 [ surface ]
   10  RPP   -2 2   -2 2   0 10

 [ material ]
  mat[1] W 1

 [ cell ]
   101    1  -19.25 -10
   102    0         -99 #101

 [ userdefined ]
   udtvar(1)=1.4e-1
   udtvar(2)=1.0e-4
   udtvar(3)=1.0e+10

Number of event  →

Beam particle  →
Beam energy [MeV]  →
Beam position [cm]  →

Target shape  →
(xmin, xmax,  ymin, ymax, zmin, zmax)

File = plot_2d.out [t-track] in xyz mesh Date = 18:29 07-Feb-202

calculated by PHITS 3.23 plotted by ANGEL 4.5

<5 0 5 10 15 20

<4

<2

0

2

4

z [cm]

x 
[c

m
]

no. =  1,  ie =  1,  iy =  1

Vacuum
W

  emin  =   0.0000E+00 [MeV]
  emax  =   4.0010E+03 [MeV]
  ymin  =  -5.0000E+00 [cm]
  ymax  =   5.0000E+00 [cm]

  part. = positron

Target Material (Tungsten) →

User Defined Parameters →
ALP Mass [GeV] →

ALP-photon coupling[1/GeV] →

positron

4000 MeV

Tungsten
(xmin, xmax,  ymin, ymax, zmin, zmax)

= (-2,2,  -2,2,  0,10) cm Define cell →
(Fill the material in the surface 

with a density [g/cm3])

Vacuum

test.txt

23

How to use:
     Write input file and send it to an executable file  
     (Similar to Herwig, Madgraph,…)



PHITS
test.txt

Number of event  →

Beam particle  →
Beam energy [MeV]  →
Beam position [cm]  →

Target shape  →
(xmin, xmax,  ymin, ymax, zmin, zmax)

File = plot_2d.out [t-track] in xyz mesh Date = 18:29 07-Feb-202

calculated by PHITS 3.23 plotted by ANGEL 4.5

<5 0 5 10 15 20

<4

<2

0

2

4

z [cm]

x 
[c

m
]

no. =  1,  ie =  1,  iy =  1

Vacuum
W

  emin  =   0.0000E+00 [MeV]
  emax  =   4.0010E+03 [MeV]
  ymin  =  -5.0000E+00 [cm]
  ymax  =   5.0000E+00 [cm]

  part. = positron

Target Material (Tungsten) →

Define cell →
(Fill the material in the surface 

with a density [g/cm3])

User Defined Parameters →
ALP Mass [GeV] →

ALP-photon coupling[1/GeV] →

 [ parameters ]
   maxcas  =  10000

 [ source ]
   proj = positron
     e0 = 4000   
      z0 = -5   

 [ surface ]
   10  RPP   -2 2   -2 2   0 10

 [ material ]
  mat[1] W 1

 [ cell ]
   101    1  -19.25 -10
   102    0         -99 #101

 [ userdefined ]
   udtvar(1)=1.4e-1
   udtvar(2)=1.0e-4
   udtvar(3)=1.0e+10

 [ t-track ]
    mesh =  xyz

    xmin =  -5
    xmax =   5
      nx =   100

    ymin =  -5
    ymax =   5
      ny =   1

    zmin =  -5
    zmax =   20
      nz =   300

    unit =    1
    axis =   xz

File = plot_2d.out [t-track] in xyz mesh Date = 19:03 07-Feb-202

calculated by PHITS 3.23 plotted by ANGEL 4.5

<5 0 5 10 15 20

<4

<2

0

2

4

z [cm]

x 
[c

m
]

no. =  1,  ie =  1,  iy =  1

10<16
10<15
10<14
10<13
10<12
10<11
10<10
10<9
10<8
10<7
10<6
10<5
10<4
10<3
10<2
10<1
100

Fl
ux

 [1
/c

m
2 /s

ou
rc

e]

  emin  =   0.0000E+00 [MeV]
  emax  =   4.0010E+03 [MeV]
  ymin  =  -5.0000E+00 [cm]

  ymax  =   5.0000E+00 [cm]
  part. = positron

Positron flux

Output information →

1: Flux [1/cm2/source]
4: Track length [cm/source]

Observable type →

Easy to write down particle information
(px, py, pz, E, x, y, z, time, PID, weight, ….)

Axis-type→
24

How to use:
     Write input file and send it to an executable file  
     (Similar to Herwig, Madgraph,…)



PHITS

How to use:
     Write input file and send it to an executable file  
     (Similar to Herwig, Madgraph,…)

test.txt

Number of event  →

Beam particle  →
Beam energy [MeV]  →
Beam position [cm]  →

Target shape  →
(xmin, xmax,  ymin, ymax, zmin, zmax)

File = plot_2d.out [t-track] in xyz mesh Date = 18:29 07-Feb-202

calculated by PHITS 3.23 plotted by ANGEL 4.5

<5 0 5 10 15 20

<4

<2

0

2

4

z [cm]

x 
[c

m
]

no. =  1,  ie =  1,  iy =  1

Vacuum
W

  emin  =   0.0000E+00 [MeV]
  emax  =   4.0010E+03 [MeV]
  ymin  =  -5.0000E+00 [cm]
  ymax  =   5.0000E+00 [cm]

  part. = positron

Target Material (Tungsten) →

User Defined Parameters →
ALP Mass [GeV] →

ALP-photon coupling[1/GeV] →

 [ parameters ]
   maxcas  =  10000

 [ source ]
   proj = positron
     e0 = 4000   
      z0 = -5   

 [ surface ]
   10  RPP   -2 2   -2 2   0 10

 [ material ]
  mat[1] W 1

 [ cell ]
   101    1  -19.25 -10
   102    0         -99 #101

 [ userdefined ]
   udtvar(1)=1.4e-1
   udtvar(2)=1.0e-4
   udtvar(3)=1.0e+10

 [ t-track ]
    mesh =  xyz

    xmin =  -5
    xmax =   5
      nx =   100

    ymin =  -5
    ymax =   5
      ny =   1

    zmin =  -5
    zmax =   20
      nz =   300

    unit =    1
    axis =   xz

ALP flux

File = plot_2d.out [t-track] in xyz mesh Date = 19:03 07-Feb-202

calculated by PHITS 3.23 plotted by ANGEL 4.5

<5 0 5 10 15 20

<4

<2

0

2

4

z [cm]

x 
[c

m
]

no. =  3,  ie =  1,  iy =  1

10<16
10<15
10<14
10<13
10<12
10<11
10<10
10<9
10<8
10<7
10<6
10<5
10<4
10<3
10<2
10<1
100

Fl
ux

 [1
/c

m
2 /s

ou
rc

e]

  emin  =   0.0000E+00 [MeV]
  emax  =   4.0010E+03 [MeV]
  ymin  =  -5.0000E+00 [cm]

  ymax  =   5.0000E+00 [cm]
  part. = 999

Output information →

1: Flux [1/cm2/source]
4: Track length [cm/source]

Observable-type →
Axis-type→

Define cell →
(Fill the material in the surface 

with a density [g/cm3])

Easy to write down particle information
(px, py, pz, E, x, y, z, time, PID, weight, ….)

25



Contents

(1) Basics of fixed target experiments using e+/e- beam

- This may help calculate the sensitivity of your favorite model from 
the beginning by yourself without any input from the experimentalist.

(2) Introducing some fixed target experiments and their features

- This may help you consider an experiment setup by yourself.

(3) What can we do at KEK and ILC? (not only main beam dump)

26



E137 experiment

e- (20 GeV, N=2*1020)

shield
decay volume

3 m

Phys.Rev.D 38 (1988) 3375

✓ SLAC
✓ Electron beam dump experiment
✓ Zero background setup (Shield is long)
✓ (Mainly) Visible decay search
✓ Integrated injection power (Ebeam * N) is very high and decay volume is long.

➡High sensitivity to small coupling region (Long life time region)
➡Weak to short lifetime region (relatively large couple region) 27

J.D. Bjorken, S. Ecklund, W.R. Nelson, A. Abashian, C. Church

https://inspirehep.net/literature/261598


proton (400 GeV)

N=2*1020 / 5 year

✓ SPS@CERN
✓ Proton fixed target experiment
✓ (Mainly) Visible decay search
✓ High injection power (E*N)
✓ Zero background experiment

- Muon active shield

- Surrounding Veto detectors
✓ Difficult to build due to higher cost

SHiP

28
SHiP Collaboration: CERN-SHiP-NOTE-2016-004



✓ LHC@CERN

✓ Proton forward experiment (Approved)

✓ (Mainly) Visible decay search

✓ Nπ = 2*1017 / 150 fb-1  (less sensitivity to small coupling)

✓ Due to large small-t cross section of high energy proton collision, 
very boosted particles along to beam direction are produced.

✓ High sensitivity to short lifetime region.

✓ Non-zero BG

✓ Decay particles of very-high energy must be resolved.  
Challenging for neutral particles (e.g., ALP→γγ)

FASER

㍍䛔新⢏子䛾᳨出 (1)
10

� FASER䛷(mA¶=100MHV, İ=10-5)䛾暗㯮䝣䜷䝖䞁䜢᳨出䛩䜛䛣䛸䛻
䛴䛔䛶⪃䛘䜛

¾ İ䠖A¶䛸Ȗ䛾ΰ合ゅ

� 大㔞䛾ʌ0䛜ATLAS䛷䛾䝡䞊䝮⾪✺䛷⏕成䛥䜜䚸暗㯮䝣䜷䝖䞁䛿
ʌ0ÆA¶Ȗ㐣⛬䛷作䜚出䛥䜜䜛

A¶
p

p 480 m

(From Y. Takubo’s slide)

29

ALP search

Longer lifetime

Shorter lifetime

J. L. Feng, I. Galon, F. Kling, S. Trojanowski, arXiv:1806.02348

FASER



LDMX

0.1 X0

30

✓ LCLS-II beam line @SLAC ?

✓ (Mainly) Invisible decay search (Missing momentum measurement)

✓ High sensitivity to dark sector

✓ Low-bunch density (1-10 e/bunch), High repetition rate (>46 MHz) 
is key technologies (CW mode of Superconducting cavities) 

✓ Each electrons are tagged

✓ N=4*1014 (phase-1),  ~1016 (phase-2)

✓ Background

- γp→π n, (backward pion and missing forward neutron)

- ...

(ILC: ~1010 e/bunch)

A. Berlin, N. Blinov, G. Krnjaic, P. Schuster, N. Toro, arXiv: 1807.01730



e+@JLab (Very thin target)
χ

χ
(missing)

Carbon target (100 μm thickness) Ne+/1019

11 GeV

✓ CEBAF @JLab

✓ Experiment using positron 

✓ Invisible decay search

✓ Missing mass search: 

✓ High quality positron beam and high resolution measurement of 
recoiled photon is required 

✓ Very thin target (eliminate BG from EM shower)

✓ Background: e+e- → γγ,  e+e- → γγγ

M2
miss = (pbeam + ptarget � p�)

2
<latexit sha1_base64="9AyJ7LOCrHR8UbFOhEmyWSfhzfQ="></latexit>
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χ

χ

(missing)

A. Accardi et.al., 2007.15081



e+@JLab (Thick target)

(missing)

✓ Using thick active detector

✓ Experiment using positron 

✓ Invisible decay search

✓ Low bunch density

✓ Missing mass search

✓ High quality positron beam and high resolution measurement of 
recoiled photon is required

✓ Background: ??? 32

N = 1012

A. Accardi et.al., 2007.15081



e+@JLab

33

A. Accardi et.al., 2007.15081



Invisible particle search using visible search setup

✓Visible search can do invisible search like

✓However, it has large suppression (Nsignal ∝ ε4) compared to 
invisible search (Nsignal ∝ ε2)

✓A half-invisible case like   χ2 → χ1 A’,  A’→ ee  is searchable in 
visible setup

34

B. Batell, R. Essig, Z. Surujon, arXiv:1406.2698

ε2

ε2

(E137 setup)



Contents

(1) Basics of fixed target experiments using e+/e- beam

- This may help to calculate the sensitivity of your favorite model from 
the beginning by yourself without any input from the experimentalist.

(2) Introducing some recent fixed target experiments and its features

- This may help to think an experiment on your own.

(3) What can we do at ILC and KEK ?

35



ILC

~20km

e- e+

ILC site becomes more attractive, if we can do many physics programs there.
Here, let’s consider some possibilities of fixed target experiment at ILC.

36



(1) Main beam dumps for e+ and e-

~20km

e- e+

• Almost all e+ and e- do not collide at the center.

• These are just discarded in main beam dumps (E+5 and E-5).

• Main beam dump experiment can be performed in parallel with the collider 
experiment.

• Statistics are not limited by the collider experiment.

37



(1) Main beam dumps for e+ and e-

~20km

e- e+

38

Water
11 m

1.8 m

(Base design) P. Satyamurthy, et.al., NIM A 679 (2012)



ILC / Future Linear Collider

11 m 50 m 50 m

S.Kanemura, T.Moroi, T.Tanabe.  arXiv:1507.02809

✓ Zero background experiment

- SHiP-like magnetic muon shield is assumed

✓ ILC can search on the large unexplored region.

✓ ILC beam dump experiment is attractive since the 
SHiP would be difficult to build.

39

N=1
N=0.1

N=10
N=1000

N=3 for 95%CL

1500
500
250

Ebeam [GeV]

(ILC 1 year)

Dark photon search

https://arxiv.org/abs/1507.02809


ILC-250

ldec

Beam dump
Muon shield

lshldump

μ rdet
Decay volume Detector

z

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

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

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>S

<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

Lead

Concrete

Water

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

a
<latexit sha1_base64="W70o3gDRNlq2ua2FPb60YiM62OA=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCoziuhKC25ctmAv0A4lk55pYzOZIckIpfQJ3LhQxK2v4hu4821Mp11o6w+Bj/8/h5xzgkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt9O8+YhK81jem1GCfkT7koecUWOtGu0WS27ZzUSWwZtD6ebzPFO1W/zq9GKWRigNE1Trtucmxh9TZTgTOCl0Uo0JZUPax7ZFSSPU/jgbdEJOrNMjYazsk4Zk7u+OMY20HkWBrYyoGejFbGr+l7VTE175Yy6T1KBks4/CVBATk+nWpMcVMiNGFihT3M5K2IAqyoy9TcEewVtceRkaZ2XvvHxRc0uVa5gpD0dwDKfgwSVU4A6qUAcGCE/wAq/Og/PsvDnvs9KcM+85hD9yPn4Au+aPGA==</latexit>

(11 m) (70 m) (50 m)

✓ Zero background experiment
- Cheep passive (Lead) muon shield

✓ e, γ and μ are useful to search several BSM

✓ ILC can search on the large unexplored region.

µ+N ! µ+N + S
<latexit sha1_base64="fnxxKmROaE0+lwnTrxwslTyQY0c=">AAAB+XicbZDLSgMxFIYz9VbrpaMuXLgJFkEolBlFdCFScONKKtoLdIaSSdM2NMkMSaZQhr6JGxeKuO2buPMB3PYZTKddaOsPgY//nEPO+YOIUaUd58vKrKyurW9kN3Nb2zu7eXtvv6bCWGJSxSELZSNAijAqSFVTzUgjkgTxgJF60L+d1usDIhUNxZMeRsTnqCtoh2KkjdWybY/HxXtPhzCF4mPLLjglJxVcBncOhfLhZJK/Hn9XWvan1w5xzInQmCGlmq4TaT9BUlPMyCjnxYpECPdRlzQNCsSJ8pN08xE8MU4bdkJpntAwdX9PJIgrNeSB6eRI99RibWr+V2vGunPlJ1REsSYCzz7qxAyaQ6cxwDaVBGs2NICwpGZXiHtIIqxNWDkTgrt48jLUzkrueeniwaRxA2bKgiNwDE6BCy5BGdyBCqgCDAbgGbyCNyuxXqx362PWmrHmMwfgj6zxD4Anlqs=</latexit>

ILC-250 (1 year)
ILC-250 (20 years)
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e+N ! e+N + S
<latexit sha1_base64="hWi3OQRUDW4bZsNHfM/HwH6Wr88=">AAAB83icbVDLSgMxFL1Trdb6qrp0EyxCoVBmLKIrKbhxJRXtAzpDyaSZNjSTGZKMUIb+hhsXirh1695fcKV/Y/pYaOuBkMM593LvPX7MmdK2/W1lVlaza+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g58Vv3VCoWiTs9iqkX4r5gASNYG8ml5WtXR8h85dtuoWhX7CnQMnHmpFjLVkvvX+Kj3i18ur2IJCEVmnCsVMexY+2lWGpGOB3n3UTRGJMh7tOOoQKHVHnpdOcxOjZKDwWRNE9oNFV/d6Q4VGoU+qYyxHqgFr2J+J/XSXRw7qVMxImmgswGBQlH5sxJAKjHJCWajwzBRDKzKyIDLDHRJqa8CcFZPHmZNE8qTrVyemPSuIAZcnAIR1ACB86gBldQhwYQiOEBnuDZSqxH68V6nZVmrHnPAfyB9fYD0m+T5w==</latexit>

ILC-250 (1 year)
ILC-250 (20 years)

NA64μ
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g e
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ALP search

Light Scalar search

40

YS, D.Ueda, arXiv:2009.13790
K.Asai, S.Iwamoto, YS, D.Ueda, arXiv:2105.13768
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https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768


(2) Other beam dumps

~20km

• メインビームダンプ以外でもビームは利用でできる
• 設計が固まる前に使いみちを考えたほうがいい
• 北上山地の ILC 部は花崗岩（すごく硬い）が主なので、後から追加でトン
ネルを掘るのはかなり大変かも

41

e- e+



(2) Other beam dumps

~20km

42

High intensity (undulator) photon source

Hayakawa, 2018（スライド）

Yu morikawa, Kaoru Yokoya

https://conference-indico.kek.jp/event/52/sessions/357/attachments/771/806/hayakawa.pdf
https://conference-indico.kek.jp/event/52/sessions/364/attachments/766/801/ILC-99Mo-Morikawa.pdf


(3) Off-axis detector (Far detector) @e+e- collider

43

Z.S.Wang, K.Wang, arxiv:1911.06576



KEK Fixed-target experiment

44

Setup-1 

Setup-2 e
<latexit sha1_base64="xzfK+VK/fOymJP2jboFxdqAq4n4=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuCozVqndaMGNywr2Au1QMmnahiaZIckIZehDuHGhiFvfwzdw59uYzhTx9kPg4z/ncE7+IOJMG9f9cHJLyyura/n1wsbm1vZOcXevpcNYEdokIQ9VJ8CaciZp0zDDaSdSFIuA03YwuZrX23dUaRbKWzONqC/wSLIhI9hYq530lEB01i+W3LKbCv0FbwGly7dKqka/+N4bhCQWVBrCsdZdz42Mn2BlGOF0VujFmkaYTPCIdi1KLKj2k/TcGTqyzgANQ2WfNCh1v08kWGg9FYHtFNiM9e/a3Pyv1o3N8NxPmIxiQyXJFg1jjkyI5n9HA6YoMXxqARPF7K2IjLHCxNiECmkItVQog+rpAmreVwitk7JXKZ/duKX6BWTKwwEcwjF4UIU6XEMDmkBgAvfwCE9O5Dw4z85L1ppzFjP78EPO6ydr25I7</latexit>

e
<latexit sha1_base64="xzfK+VK/fOymJP2jboFxdqAq4n4=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuCozVqndaMGNywr2Au1QMmnahiaZIckIZehDuHGhiFvfwzdw59uYzhTx9kPg4z/ncE7+IOJMG9f9cHJLyyura/n1wsbm1vZOcXevpcNYEdokIQ9VJ8CaciZp0zDDaSdSFIuA03YwuZrX23dUaRbKWzONqC/wSLIhI9hYq530lEB01i+W3LKbCv0FbwGly7dKqka/+N4bhCQWVBrCsdZdz42Mn2BlGOF0VujFmkaYTPCIdi1KLKj2k/TcGTqyzgANQ2WfNCh1v08kWGg9FYHtFNiM9e/a3Pyv1o3N8NxPmIxiQyXJFg1jjkyI5n9HA6YoMXxqARPF7K2IjLHCxNiECmkItVQog+rpAmreVwitk7JXKZ/duKX6BWTKwwEcwjF4UIU6XEMDmkBgAvfwCE9O5Dw4z85L1ppzFjP78EPO6ydr25I7</latexit>

Lcoll
<latexit sha1_base64="JakM5lFXIzxKJzjXNeqHbaO+Sbk=">AAAB83icbZDLSgMxGIUz9VZbL1WX3QRFcFVmvNXuCi504aKCvUBnKJlMpg1NMkOSEcrQ1xDEhSJufQxfwJ1vYzpTxNuBwMf5L/k5fsyo0rb9YRUWFpeWV4qrpfLa+sZmZWu7o6JEYtLGEYtkz0eKMCpIW1PNSC+WBHGfka4/Pp/Vu7dEKhqJGz2JicfRUNCQYqSN5V4NUldyaPaw6aCyZ9fsTPAvOHPYa5Yv7qtvvaA1qLy7QYQTToTGDCnVd+xYeymSmmJGpiU3USRGeIyGpG9QIE6Ul2Y3T+G+cQIYRtI8oWHmfp9IEVdqwn3TyZEeqd+1mflfrZ/o8MxLqYgTTQTOPwoTBnUEZwHAgEqCNZsYQFhScyvEIyQR1iamUhZCIxPMoX48h4bzFULnsOYc1U6uTRqnIFcRVMEuOAAOqIMmuAQt0AYYxOAOPIInK7EerGfrJW8tWPOZHfBD1usn5OqU6A==</latexit>

T
<latexit sha1_base64="ToP7XvSQpLQWY+DkyRA9YQTeHjc=">AAAB6HicbZDJSgNBEIZrXGPcoh69NAYhXsKMW8zJgBePCWSDZAg9nZ6kTc9Cd48QhjyBBz0o4tXn8OQjePNBvNuZCeL2Q8PHX1VU9e+EnEllmu/G3PzC4tJyZiW7ura+sZnb2m7KIBKENkjAA9F2sKSc+bShmOK0HQqKPYfTljO6mNZb11RIFvh1NQ6p7eGBz1xGsNJWrd7L5c2imQj9BWsG+fOXwsfrbfeg2su9dfsBiTzqK8KxlB3LDJUdY6EY4XSS7UaShpiM8IB2NPrYo9KOk0MnaF87feQGQj9focT9PhFjT8qx5+hOD6uh/F2bmv/VOpFyz+yY+WGkqE/SRW7EkQrQ9NeozwQlio81YCKYvhWRIRaYKJ1NNgmhnAilUDqeQdn6CqF5WLSOiic1M185hVQZ2IU9KIAFJajAJVShAQQo3MA9PBhXxp3xaDylrXPGbGYHfsh4/gQ15JFN</latexit>

⇠ 2m
<latexit sha1_base64="QrN1TAQnUJuPD6J4K0YSY2G/HqQ=">AAAB+HicbZDLSgMxGIUz9VbrpaMu3QSLUEHKTL3Uriy4cVnBXqAzlEyaaUOTmSHJCHXoM/gAblwo4ta1Kx/BnQ/i3nRaxNuBwMc5/09+jhcxKpVlvRuZufmFxaXscm5ldW09b25sNmUYC0waOGShaHtIEkYD0lBUMdKOBEHcY6TlDc8meeuKCEnD4FKNIuJy1A+oTzFS2uqaeUdSDsvOfuIIDvm4axaskpUK/gV7BoXTl+LH642zV++ab04vxDEngcIMSdmxrUi5CRKKYkbGOSeWJEJ4iPqkozFAnEg3SQ8fw13t9KAfCv0CBVP3+0aCuJQj7ulJjtRA/s4m5n9ZJ1b+iZvQIIoVCfD0Iz9mUIVw0gLsUUGwYiMNCAuqb4V4gATCSneVS0uopoJTqBzOoGp/ldAsl+yD0tGFVagdg6myYBvsgCKwQQXUwDmogwbAIAa34B48GNfGnfFoPE1HM8ZsZwv8kPH8CUuDlvU=</latexit>

⇠ 1m
<latexit sha1_base64="6J0RDgFUv4GqmG8glp08+UDkF78=">AAAB+HicbZDLSsNAGIUnXmu9NOrSzWARKkhJvNWuLLhxWcFeoAllMp20Q2cmYWYi1NBn8AHcuFDErWtXPoI7H8S9aVLE24GBj3P+n/k5Xsio0pb1bszMzs0vLOaW8ssrq2sFc32jqYJIYtLAAQtk20OKMCpIQ1PNSDuUBHGPkZY3PJvkrSsiFQ3EpR6FxOWoL6hPMdKJ1TULjqIc2s5e7EgO+bhrFq2ylQr+BXsKxdOX0sfrjbNb75pvTi/AESdCY4aU6thWqN0YSU0xI+O8EykSIjxEfdJJUCBOlBunh4/hTuL0oB/I5AkNU/f7Roy4UiPuJZMc6YH6nU3M/7JOpP0TN6YijDQROPvIjxjUAZy0AHtUEqzZKAGEJU1uhXiAJMI66SqfllBNBTOoHE6han+V0Nwv2wflowurWDsGmXJgC2yDErBBBdTAOaiDBsAgArfgHjwY18ad8Wg8ZaMzxnRnE/yQ8fwJSfaW9A==</latexit>

Collimator

Target + Shield

↑ Target + Shield

�
<latexit sha1_base64="3pE9g0baVavAiIsAFEhtKJYbENw=">AAAB63icbZDLSgMxFIYzXmu9TXWnm2ARXJUZb7W7ghuXFewF2qFk0kwbmmSGJCOUoY+gGxeKuHXva7h154O4NzNTxNsPgY//nMM5+f2IUaUd592am19YXFourBRX19Y3Nu3SVkuFscSkiUMWyo6PFGFUkKammpFOJAniPiNtf3ye1tvXRCoaiis9iYjH0VDQgGKkU6sXjWjfLjsVJxP8C+4MyvXSjf2x8/rS6NtvvUGIY06Exgwp1XWdSHsJkppiRqbFXqxIhPAYDUnXoECcKC/Jbp3CfeMMYBBK84SGmft9IkFcqQn3TSdHeqR+11Lzv1o31sGZl1ARxZoInC8KYgZ1CNOPwwGVBGs2MYCwpOZWiEdIIqxNPMUshFommEP1eAY19yuE1mHFPaqcXJo0TkGuAtgFe+AAuKAK6uACNEATYDACt+AePFjcurMerae8dc6azWyDH7KePwH0U5I8</latexit>

(beam axis)
<latexit sha1_base64="bE6vkTNZOMt5obMIrJ9RohRZU2Y=">AAAB+3icbZBLSwMxFIUz9VXrq1Zw4yZYhLopM77a7gpuXFawD2iHkknTNjTzILkjLcP8D1fduFDErX/EneiPMZ0W8XUg8HHOveRynEBwBab5ZqSWlldW19LrmY3Nre2d7G6uofxQUlanvvBlyyGKCe6xOnAQrBVIRlxHsKYzupzlzVsmFfe9G5gEzHbJwON9Tgloq5vNdYCNISo4egeTMVfHcTebN4tmIvwXrAXkq/vB9O7jvVzrZl87PZ+GLvOACqJU2zIDsCMigVPB4kwnVCwgdEQGrK3RIy5TdpTcHuMj7fRw35f6eYAT9/tGRFylJq6jJ10CQ/U7m5n/Ze0Q+mU74l4QAvPo/KN+KDD4eFYE7nHJKIiJBkIl17diOiSSUNB1ZZISKonwHEpnC6hYXyU0TorWafH8WrdxgeZKowN0iArIQiVURVeohuqIojGaogf0aMTGvfFkPM9HU8ZiZw/9kPHyCTEimKU=</latexit>

(+ sweaping magnet)
<latexit sha1_base64="GoMgVrozss4dGmK6rKpd7gxJ8mI=">AAACA3icbZBLSwMxFIUzvq2vquBCN0ERFKHM+Gx3ghuXClaFtpRMeltDM5khuaOWoeDG/+DKpRsXirj1T7gT/TGm0yK+DgQ+zrmXJMePpDDoum9OX//A4NDwyGhmbHxicio7PXNswlhzKPJQhvrUZwakUFBEgRJOIw0s8CWc+M29Tn5yDtqIUB1hK4JKwBpK1AVnaK1qdr6McInJyho1F8AioRq0MwG42q5ml9ycm4r+Ba8HS7tz0e3Nx3v+oJp9LddCHgegkEtmTMlzI6wkTKPgEtqZcmwgYrzJGlCyqFgAppKkf2jTZevUaD3U9iikqft9I2GBMa3At5MBwzPzO+uY/2WlGOv5SiJUFCMo3r2oHkuKIe0UQmtCA0fZssC4FvatlJ8xzTja2jJpCYVUtAs7mz0oeF8lHK/nvI3c1qFtY5t0NUIWyCJZIR7ZIbtknxyQIuHkityRB/LoXDv3zpPz3B3tc3o7s+SHnJdP7FKb0A==</latexit>

a
<latexit sha1_base64="Fcbm99vpYtEwVMZ2QIDbO3l79GI=">AAAB6HicbZDJSgNBEIZ74hbjFvXopTEI8RJm3GJOBrx4TMAskAyhp1OTtOlZ6O4RwpAn8KAHRbz6HJ58BG8+iHc7M0Hcfmj4+KuKqv6dkDOpTPPdyMzNLywuZZdzK6tr6xv5za2mDCJBoUEDHoi2QyRw5kNDMcWhHQognsOh5YzOp/XWNQjJAv9SjUOwPTLwmcsoUdqqk16+YJbMRPgvWDMonL0UP15vu/u1Xv6t2w9o5IGvKCdSdiwzVHZMhGKUwyTXjSSEhI7IADoafeKBtOPk0Ane004fu4HQz1c4cb9PxMSTcuw5utMjaih/16bmf7VOpNxTO2Z+GCnwabrIjThWAZ7+GveZAKr4WAOhgulbMR0SQajS2eSSECqJcArloxlUrK8Qmgcl67B0XDcL1ROUKot20C4qIguVURVdoBpqIIoA3aB79GBcGXfGo/GUtmaM2cw2+iHj+RNJmJFa</latexit>

�
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ex) ALP search

A. Ishikawa, YS, Y. Takubo (work in progress)



Summary

• Fixed target experiment is suitable to LLP searches due to the high Luminosity and 
forward directivity.

• It plays a complementary role with collider experiments, and can perform in parallel with a 
collider experiment.

• We learned and discussed:

- how to calculate the number of signal at fixed target experiments using e+/e- beams.

- several fixed target experiments, and their features.

- possibilities of fixed target experiments at ILC and KEK.

• ILC site becomes more attractive, if we can do many physics programs there.



Extra



(2) Non-zero BG setup ? 
(Thin target / shield)

47

• Thick shield setup can reduce ~100% BG and gives high significance with a small number 
of signals.   This experimental setup is good at searching for long lifetime region.

• However, it is poor at searching short lifetime LLP, because the signals can not reach a 
detector.

• Such region can be explored by clean experiments (LEP, Belle II,…).  Limited by statistics.

• The short range experiment could cover the gap between the collider and the thick shield 
experiment to some extent. (Later slide)

• Using positron beams may contribute to increasing the number of signals more.

Signal

BG

Signal

BG

Thick

Thin

(Both are shielded)
Beam

Beam
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Constraint from Fixed-target

Constraint from Collider

Short lifetime LLP

(Very short lifetime)

(Long lifetime LLP)

• Thick shield setup can reduce ~100% BG and gives high significance with a small number 
of signals.   This experimental setup is good at searching for long lifetime region.

• However, it is poor at searching short lifetime LLP, because the signals can not reach a 
detector.

• Such region can be explored by clean experiments (LEP, Belle II,…).  Limited by statistics.

• The short range experiment could cover the gap between the collider and the thick shield 
experiment to some extent. (Later slide)

• Using positron beams may contribute to increasing the number of signals more.



(3) Missing momentum/mass search @ILC Fixed Target Exp
(Modified K.Yokoya’s slide)

Time
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• Low bunch density and High repetition rate are required for missing measurement.

• The ILC default beam condition is not suitable to missing measurement due to its high 
bunch density and low repetition rate.

• However, it is principally possible to transport low-density-bunch during 0.73 ms at 1.3 
GHz Radio-frequency (Therefore repetition rate is 5 Hz * 0.73 ms * 1.3 GHz ~ 5 MHz).

• LDMX@SLAC (8 GeV,> 46 MHz) vs LDMX@ILC (125 GeV, 5 MHz (Max))



(4) Collimator as Fixed target ?

Collimeter

    ↓
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Forward detector surrounding beam pipe

                                 ↓

Beam halo
LLP

(Collimated bunch)    ↑

Collimeter

• Particles on beam halo hit collimators, in which LLP could be produced.

• Good points of collimator experiment:

- It can be performed in parallel with a collider experiment.  (Applicable to not only ILC) 

- small number of particles hit collimator, so pileup may be avoidable to some extent.

• This kind of setup might improve the sensitivity to short lifetime region.



(5) Low bunch density beam with splitting magnets?
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Splitting Magnets

↓    _

high-p @J-PARC

O(100kW)
O(0.01kW)

Splitting Magnets

• Is it possible to take out and use a part of 
beam like the high-p beam line at J-PARC?

(To low bunch density beam experiment)



Fixed target experiments @ KEK ?
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KEK injector (1 month)

KEK injector (a few days)

KEK abort dump (1 year)

Thick target experiment (using 4 GeV e+)

 ALP → γγ 

• Experimentalists would want to know what we can do soon.

• Consideration of Fixed target experiments at KEK could have a positive effect 
to the ILC fixed target program.
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Preliminary results (with Y. Takubo, A.Ishikawa)

(N~1016)

(N~3*1017)

(N~6*1018)

With thick target (Tungsten)



Fixed target experiments @ KEK
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← 1 cm

← 2 cm

← 4 cm

← 8 cm

← 16 cm

ALP decay length

(Ea = 4 GeV)

Thick target experiment (using 4 GeV e+)

 ALP → γγ 
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• Experimentalists would want to know what we can do soon.

• Consideration of Fixed target experiments at KEK could have a positive effect 
to the ILC fixed target program.
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Fixed target experiments @ KEK

[Benchmark]
Nsignal = O(10-16) with thick target setup (Ne=6.5*1018)
Impossible to search with thick shield setup (Zero-BG setup)
Thin shield setup could search gap between Collider and Thick-experiment

Belle II (3γ, 50 ab-1)
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φinvariant mass [GeV]

20 cm
(Tungsten) 10 m

r1+ Collimeter (and sweep magnet?)Positron
(Ebeam = 4GeV) ALP

(ma = 0.14 GeV, gaγγ = 10-4 /GeV)

BG:
   γN→n +…, nn→nnπ0,  π0→γγ
   γN→K0 Σ(Λ),  K0→π0+…, π0→γγ
   …

r2

φ

BG

Signal BG

Signal

BG

Signal

SIGBG

asmear = 15%,  δdetector ~ 3 cm

NPOT=6.5*1018

Different shape between Signal and BG.
We could catch signal at high energy tail.

γ

γ

Preliminary results (with Y. Takubo, A.Ishikawa)
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SuperKEKB

Good place to experiment ?

e+ (4GeV) 
e-(7GeV)

Photo by Hiroshi Iwase

e+ (4GeV) 
e-(7GeV)
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