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1010 GeV ≲ MX ≲ 1045 GeV

100 fm ≲ RX ≲ 10 μm

⟨ϕ⟩

After assembly is complete:

Highly degenerate constituents:

Very intense, uniform binding field:

⟨ϕ⟩ ∝ mX ∼ 1 GeV − 100 TeV

pF ≳ GeV

p

NX

∼ 0.87 fm
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Adding a Nuclear Coupling
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The Migdal Effect

|ψ0⟩ |ψ⟩ ≃ e(−ime ∑j vN⋅x̂j) |ψ0⟩

e.g.
DM scattering?

α, β± decay

sudden nuclear recoil

How sudden? Δtrecoil ≪ 10−17 s Migdal approximation

⟨ψk |ψ0⟩ = 0 ⟨ψk |ψ⟩ ≠ 0

vN

(e.g. Xe, Ar)
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cloud
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γ
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Ibe et. al., 1707.07258

Excitation & Ionization Probabilities

P (5p → free) ∼ ( eV
10−3 ⋅ me )

2

∫ (
dpq

dEe )
q=10−3⋅me

dEe ∼ 10−7

~ nm

Xe Target

σXnXeLpath × P (5p → free)
∼ 102 ionized e−

~ 1 m

e.g. ~ eV nuclear recoil for Xe:
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Ionization Signal

Event Rate:

JA, Bramante & Goodman, 2108.10889
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Ionization Signal

Event Rate:
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Xenon-1T Constraints
JA, Bramante & Goodman, 2108.10889
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Xenon-1T Constraints

Migdal effect covers wide range of masses & couplings!

JA, Bramante & Goodman, 2108.10889
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Some Final Remarks

• The Migdal effect is a promising venue to search for weakly-coupled 
composite dark matter in experiments like XENON-1T, DEAP-3600, LZ.

• Main requirements are large geometric cross-section + sudden nuclear 
recoils induced by the composite transit. 

• Other models are candidates for a similar study, e.g. dark quark 
nuggets, bosonic blobs, composites w/ additional fields.



Thank you!
Javier Acevedo

17jfa1@queensu.ca

mailto:17jfa1@queensu.ca
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Bhoonah et. al., 2012.13406
JA, Bramante & Goodman, 2105.06473

DEAP collaboration, 2108.09405
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Full ionization
Thermal bremsstrahlung 

Nuclear fusion

100 eV 100 keV

Atomic collisions
Migdal effect

Recombination
Line emission

e −

e −e−
e −

e− e −

γ

T ∝ gnmX

Collisions

Migdal effect

JA, Bramante & Goodman, 2012.10998

γ
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Scalar only:



Backup slide: Composite Equations II

Add vector field:

3C2
ϕ ( m*

mX )∫
pF
mX

0

x2dx

x2 + (m*/mX)2
= 1 −

m*

mX

∫
pF
mX

0

x4dx

x4 + (m*/mX)2
=

1
2C2

ϕ (1 −
m*

mX )
2

−
C2

V

2 ( pF

mX )
6

∂ε
∂⟨ϕ⟩

= 0

p = 0

C2
ϕ =

4αϕ

3π
m2

X

m2
ϕ

i)

ii)

iii)

 46

C2
V =

4αV

3π
m2

X

m2
V



Backup slide: Composite Equations III

 47

3C2
ϕ ( m*

mX )∫
pF
mX

0

x2dx

x2 + (m*/mX)2
= 1 −

m*

mX
+ C2

ϕλ (1 −
m*

mX )
3

∫
pF
mX

0

x4dx

x4 + (m*/mX)2
=

1
2C2

ϕ (1 −
m*

mX )
2

+
λ
4 (1 −

m*

mX )
4

∂ε
∂⟨ϕ⟩

= 0

p = 0

C2
ϕ =

4αϕ

3π
m2

X

m2
ϕ

i)

ii)

iii)

Add V(ϕ) ∼ λϕ4 potential:
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Hardy et. al., 1611.05852
Knapen et. al.,1709.07882

ΔE ≃ Agn ( mX

gϕ )
≲ keV ( gn

10−10 ) ( mX

TeV ) ( 1
gϕ ) ( A

10 )

limits energy to:

Backup slide: Stellar Cooling Bounds on gn
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Joglekar et. al., 1911.13293
2004.09539

ΓNX = nX ∫
pF

0

dp p2

VF ∫ dφ d(cos θ)∫ dα d(cos ψ)( dσ
dΩ )

(CM)
ṽ Θ(ΔE + p − pF)

Pauli-blocking

integrate over target phase space 
(composite rest frame)

relativistic kinematics 
(centre-of-momentum frame)

Moller velocity

Composite frame: CM frame:

large boost

DMN kcm

k′�cm

pcm

p′�cm

ψ
N

DM

θ
p

p′�
k

k′�

Backup slide: DM-Nucleus Scattering I



ṽ ≃ 1 − vN cos θ

E2
cm ≃ m2

N + 2mN p(1 − vN cos θ)

k2
cm ≃

mN p2

mN + 2p
−

2mN p2(mN + p)vN cos θ
(mN + 2p)2

ΔEmax ≃
1
2

mNv2
N sin2 θ

β ≃
p

mN + p
+

mNvN cos θ
mN + p

ψmax ≃ (mN(mN + 2p))1/2 vN cos α
p

Moller velocity

CM energy

Max energy transfer

CM momentum

Boost parameter

Max scattering angle

Backup slide: DM-Nucleus Scattering II

̂pzθ

Fermi sphere

VF =
4πp3

F

3

φ
pF

pμ = ( | ⃗p | , ⃗p )

kμ = mN (1, ⃗v N)

allowed 
phase space

ΓNX ∼
A2g2

ng2
Xm4

N(mN + 2pF)v6
N

p4
F

scattering rate
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Backup slide: Coherent Composite-Nucleus Scattering
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Backup slide: Collective Excitations - Surface Modes

reference cross section

scatterer wavefunction overlap

surface mode form factor

mode amplitude

diff. cross section
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Backup slide: Composite Stopping

⟨ϕ⟩⟨ϕ⟩ ⟨ϕ⟩

nucleus loses 
energy

vX

− δE

v′�X

1
2

MX (v′�X − vX) ≃ δEnucleus interacts with 
composite


