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Introduction
Dark matter interactions:
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Indirect detection and elastic scattering can feel the dark matter
self interaction at low velocity.

Possible consequences:
• Indirect detection: Positron excess and γ signals
• Small scale anomalies: Core vs cusp problem
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Sommerfeld enhancement: Intuition
Classical intuition:

σ = πR2 → πR2
(

1 + v2
esc

v2

)
QFT intuition:
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Sommerfeld enhancement: Derivation

• Annihilation interaction is short range: Hann = Uannδ
3(~r).

• Solve the Schrodinger equation with the long range potential
V (r):

− 1
2M∇

2ψk(r) + V (r)ψk(r) = k2

2Mψk

• Extract Sommerfeld enhancement S: σ = |ψk(0)|2σ0.
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Sommerfeld enhancement: Previous results
Coulomb→ L = −eψ̄γµψAµ → V (r) = −α/r: S ≈ 2π

(
α
v

)
.

Yukawa → L = −gψ̄φψ → V (r) = −αe−mφr/r:
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Effective self-interactions I
We want to be agnostic about the possible self interactions.

∫ ∞
0

dµ2 ρ(µ2)
|~q|2 + µ2

M =
∫ ∞

0
dµ2 ρ(µ2)
|~q|2 + µ2

∑
i

giOi
(
~q

Λ , ~s1,2

)
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Effective self-interactions II
List of P and T invariant QM operators

O1 = 1
O2 = ~s1 · ~s2

O3 =− 1
Λ2 (~s1 · ~q)(~s2 · ~q)

O4 =− i

Λ [(~s1 + ~s2) · (~q × ~v)]

These terms give rise to an effective potential

Veff = 1
4πr

{(
g̃1(r)− 3

4 g̃2(r)
)

+ 1
2 g̃2(r)~S 2 + g̃3(r)

2Λ2r2

[
3(~S · r̂)2 − ~S 2

]
+ 2g̃4(r)
mχΛ r2

~S · ~L
}
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Effective self interactions III
Example of exotic potentials:

• Tree level vector gives V0(r) ∝ 1
r
.

• Strong dynamics can generate ρ(µ2).

• Weak coupling, but loop level V0(r) ∼ { 1
r3 ,

1
r5 ,

1
r7}.

Example:

L = f̄γµ(1− γ5)fχ̄γµ(a− bγ5)χ

→ V (r) ∝ 1
r5

[
a2 − b2

(
3
2s1 · s2 − 5

2(r̂ · s1)(r̂ · s2)
)]
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Effective self interactions IV
Common tree level interactions:

interaction 1
r

1
r

(~s1 · ~s2) 1
r3 [3 (~s1 · r̂) (~s2 · r̂)− ~s1 · ~s2]

λsχ̄χϕ −λ2
s 0 0

iλpχ̄γ
5χϕ 0

λ2
pm

2
ϕ

3m2
χ

λ2
p

m2
χ

h(mϕ, r)

1
f
χ̄γµγ5χ∂µϕ 0

4m2
ϕ

3f2
4
f2h(mϕ, r)

λvχ̄γ
µχAµ ±λ2

v

(
1 + m2

A

4m2
χ

)
±2λ2

vm
2
A

3m2
χ

∓ λ2
v

m2
χ

h(mA, r)

λaχ̄γ
5γµχAµ 0 −8λ2

a

3

(
1− m2

A

8m2
χ

)
λ2
a

(
1
m2
χ

+ 4
m2
A

)
h(mA, r)

i

2Λ χ̄σ
µνχFµν 0 ∓2m2

A

3Λ2 ± 1
Λ2h(mA, r)

h(mφ, r) ≡
(

1 +mφr +
m2
φr

2

3

)
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Singular potentials I
To deal with singular potentials we apply the following recipe:
1. Regularize the potential.

V (r) −→ V (r)θ(r − r0) + V0θ(r0 − r)

2. Introduce wavefunction renormalization: ψren = Zψψbare

3. Renormalize by matching with IR observables.
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Singular potentials II

Cutoff independence with V (r) = − α
f2r3 .
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Numerical results I
We can use this recipe to plot Sommerfeld enhancement for
V (r) = −α

f2r3 as a function of cot(δ):
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Recall σ ≈ 4π
k2 cot2(δ)
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Numerical results II

The velocity dependence is important for phenomenology:
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NDA approximations
Problem: cot(δ) depends on the UV.
Solution: A NDA type of analysis.

1. Physical cutoff: Relativistic V (r0) = M

2. Fix V0 using V0 = V (r0).
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Small Scale Anomalies I
Core vs Cusp Problem: Disagreement for the dark matter
distribution in the center of dwarf galaxies.
• N body simulations: CDM gives a cusp like behavior
ρ(r) ∼ 1/r.

• Observations: Core like behavior ρ(r) ∼ r0.
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Small Scale Anomalies II
Solution: Dark matter self interaction.

• DM is collisional in dwarfs (v ∼ 10−5) with
σT/MDM ∈ [0.1, 10]cm2/g.

For V (r) = −αX e
−mφr

r
:

Tulin 1302.3898
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Small Scale Anomalies III

Preleminary results:

For V (r) = − α
f2r3 :

Mathieu Cliche mc863@cornell.edu Effective Theory of Self Interacting Dark Matter 18/19
18/19



Conclusion

To sum up:

• We provided the parametrization of self interacting dark
matter in the non-relativistic regime.

• We showed how to renormalize singular QM potentials.

• We began an analysis of the parameter space that solves small
scale anomalies.

Future direction:

• Parameter space analysis for indirect detection.
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