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Introduction

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

Possible consequences:
e Indirect detection: Positron excess and vy signals

e Small scale anomalies: Core vs cusp problem
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Sommerfeld enhancement: Intuition
Classical intuition:

High velocity

2
v
oc=7nR*—> rR? (1 + 6;C>
v
QFT intuition:
o X
7/ 7/
7 e
7/ 7/
7 7
\\ \\
X N N

4/
Mathieu Cliche mc863@cornell.edu Effective Theory of Self Interacting Dark Matter 19‘



Sommerfeld enhancement: Derivation

e Annihilation interaction is short range: Hynp = Uynn02(7).

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

1 k2
—WVZwk(T) + V(r)wk(r) = mwk

e Extract Sommerfeld enhancement S: o = |14 (0)[>0y.

High velocity
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Sommerfeld enhancement: Previous results
Coulomb— £ = —eyytpA, — V(r) = —a/r: S =~ 2n (%)

Yukawa — £ = —g¢p — V(r) = —ae ™" /r:

Sommerfeld Enhancement for a Y ukawa potential
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Effective self-interactions |

We want to be agnostic about the possible self interactions.
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Effective self-interactions ||

List of P and T invariant QM operators
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Effective self interactions ||
Example of exotic potentials:

o Tree level vector gives Vp(r) o 1.
e Strong dynamics can generate p(u?).

e Weak coupling, but loop level Vj(r) ~ {Tig, %5, 7%7}
Example:

L= fy*(1 =) fxvula - 0°)x

—x
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Effective self interactions |V
Common tree level interactions:

1 T T
interaction - - (51 52) 3 [B(31-7)(85-7) — 51 - 8]
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Singular potentials |

To deal with singular potentials we apply the following recipe:

1. Regularize the potential.

vin T

Vo — V(r) — V(r)0(r—ro)+ Vob(ro—r)

i
70 | L3

2. Introduce wavefunction renormalization: ¥ren = Zy¥bare
3. Renormalize by matching with IR observables.
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Singular potentials I

Cutoff independence with V(r) = — ¢

Xau Dependence of r~2 Scattering Phase
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Numerical results |

We can use this recipe to plot Sommerfeld enhancement for
V(r) = 775 as a function of cot(d):

Sommerfeld Enhancement for ar 2 potential, /=0

4
Recall 0 ~ 5T~
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Numerical results |l

The velocity dependence is important for phenomenology:

Sommerfeld Enhancement Contours
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NDA approximations
Problem: cot(J) depends on the UV.

Solution: A NDA type of analysis.

1. Physical cutoff: Relativistic V (rg) = M
2. Fix Vp using Vi = V (ro).

Sommerfeld Enhancement for r~> ,{=0

10°1

104+

10°+

1021

2x10°  4x10°  6x10°  8x10°  10x10° 12x10®  14x103
M (GeV)

15
Mathieu Cliche mc863@cornell.edu Effective Theory of Self Interacting Dark Matter /19‘



Small Scale Anomalies |
Core vs Cusp Problem: Disagreement for the dark matter

distribution in the center of dwarf galaxies.

e N body simulations: CDM gives a cusp like behavior

p(r) ~1/r.

® Observations: Core like behavior p(r)
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Small Scale Anomalies Il
Solution: Dark matter self interaction.

e DM is collisional in dwarfs (v ~ 107°) with
UT/MDM € [01, 10]cm2/g

Attractive force (@ X:IO'Z)

—mgr

For V(r) = —ax®
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Small Scale Anomalies Il|

Preleminary results:

M [GeV]
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Conclusion

To sum up:

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

® We showed how to renormalize singular QM potentials.

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

Future direction:

e Parameter space analysis for indirect detection.
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