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It is natural to expect the dark sector to contain more particles
other than the DM candidate

\

Light force carrying particles cause Sommerfeld effect

SIDM scenario




Sommerfeld Effect

A nonperturbative correction to the tree level annihilation cross-
section. This can enhance/suppress the annihilation rate by several
orders of magnitudes.
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The dark sector
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Annihilation is p-wave suppressed, but coannihilation is not.
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Velocity dependence of the Sommerfeld Factors
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DM annihilation today is given by p-wave process !
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Explanation

* The coannihilation states are symmetric under
exchange symmetry |x1X2) < |X2X1)

)E—I—s

x1Xx2) = (— X2X1)

- The exchange symmetry |X1X1) < |X2X2) is approximate

xax2) =~ (1) |x1xa) + O(A/my)

* The equations can be combined into a single
equation with an effective potential
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Explanation
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This also explains the large annihilation rate in the MW
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Self-scattering of multilevel dark matter

Ling = fr1001x1 — XaXx2) + fr2(X1 X2 + XaX1)
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Elastic scattering Inelastic scattering
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Large inelastic cross section




DM Halo Cools at a faster rate...
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But small inelastic scatt. can have large effects...

p[M_ pc™]

Simulations with inelastic processes
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Additional drag force

behind galaxies, forming offsets

( tails and drag cause halos to lag

SIDM
Kim et al, MNRAS 469, 2017/
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New term

Additional effects seem small but
heeds to be verified in simulations



Summary

Contrary to our expectation, S, > 1but S, < 1.

Particle exchange symmetry — selection mechanism in
the enhancement mechanism.

DM annihilation rate is preferably enhanced in the galaxies.

DM can dissipate energy through upscattering induced
decay of the excited state and predict faster halo
cooling rate.

The upscattering and decay also contributes to an
extra drag force between colliding halos.

DM N-body simulations are needed to quantify the
impacts of these mechanisms.
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Back ups
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To compute the Sommerfeld factors

1
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We solve the Schroedinger eqns with these potentials
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Back ups

Explanation using Particle Exchange Symmetry

* Suppose A & B are two fermions-

|BA) = (-1)"*°|AB)
+ (—=1)* from angular momentum
« (=1)** from spin

» (—1) from Wick exchange of spinors



Back ups
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Back ups

Pure off-diagonal interaction
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