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A beam dump experiment at the C allows us to 
push into both the energy and the intensity 

frontier

μ

Can probe NP scenarios with: 
• Very weak couplings 
• Couplings to 2nd gen. leptons 
• Masses  100 GeV≲
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We consider 2 models: 
•  Dark Photon  
• Gauged Flavor Symmetry Lμ − Lτ
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Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

x ≡
EZ′ 

Ebeam

Signal events

Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

x ≡
EZ′ 

Ebeam

Number of μ

Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

x ≡
EZ′ 

Ebeam

Target material

Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

x ≡
EZ′ 

Ebeam

Production 
cross section

Number of signal events depends on  and 
experiment geometry

l0

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



Number of signal events depends on  and 
experiment geometry

l0

dN
dx

= Nμ
N0ρl0

A
dσ
dx (eLtar/l0 − 1) e−(Ltar+Lsh)/l0 (1 − e−Ldec/l0)

x ≡
EZ′ 

Ebeam

Probability of 
decay

 2202.12302 CC, S. Homiller, R. Mishra, M. Reece

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET



Dark Photon Reach

Water target 
 
 

Ltar = 10 m
Lsh = 10 m
Ldec = 100 m

10-1 1 10

10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ' [GeV]

�

N�=1018
N�=1020
N�=1022

Dark Photon

����� ��

��	


��

�-������ (��� ��-�)

ℒV ⊃ − iϵeZ′ μ ∑
l∈e,μ,τ

l̄γμl



+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET

Dark Photon Reach

Water target 
 
 

Ltar = 10 m
Lsh = 10 m
Ldec = 100 m

10-1 1 10

10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ' [GeV]

�

N�=1018
N�=1020
N�=1022

Dark Photon

����� ��

��	


��

�-������ (��� ��-�)

ℒV ⊃ − iϵeZ′ μ ∑
l∈e,μ,τ

l̄γμl

Decays too quickly



+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET

Dark Photon Reach

Water target 
 
 

Ltar = 10 m
Lsh = 10 m
Ldec = 100 m

10-1 1 10

10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ' [GeV]

�

N�=1018
N�=1020
N�=1022

Dark Photon

����� ��

��	


��

�-������ (��� ��-�)

ℒV ⊃ − iϵeZ′ μ ∑
l∈e,μ,τ

l̄γμl

Decays too quickly

Decays too slowly



Dark Photon Reach

10-1 1 10

10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ' [GeV]

�

N�=1018
N�=1020
N�=1022

Dark Photon

����� ��

��	


��

�-������ (��� ��-�)
Decays too quickly

Decays too slowly

2207.06905



����� (���� ���)

M3 Phase-II

g-2

10-2 10-1 1 10

10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ' [GeV]

g

N�=1018
N�=1020
N�=1022

L�-L�

 ReachLμ − Lτ

Water target 
 
 

Ltar = 10 m
Lsh = 10 m
Ldec = 100 m

ℒV ⊃ ∓ igZ′ μ ∑
l∈μ,τ

(l̄γμl + ν̄lσμνl)



Beam Dump Outlook

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET

Work in progress: 



Beam Dump Outlook

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET

Work in progress: 
• More NP scenarios (scalars, ALPs…) 



Beam Dump Outlook

+

TARGET

A
B
SO
R
B
ER

D
E
T
E
C
T
O
R

Ltar Lsh Ldec

d

lm

MAGNET

Work in progress: 
• More NP scenarios (scalars, ALPs…) 
• Different : low (R&D) and high (10 TeV collider)s
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Backups



Muon Beam Dump ( BD)μ
Existing BD literature

At existing experiments

At future experiments

With μ

• 160 GeV, 3 GeV 


• Light scalars
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