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WIMP abundance and annihilation

» Calculation of WIMP abundance requires the

annihilation cross section
108 —
QB2 0~ °GeV

(ov) < >:thermal average
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Large loop correction
If n(intermediate particle) << m(WIMP)

the loop correction can be enhanced by
several orders of magnitude.

m (TeV)

Hisano, Matsumoto and Nojiri (2003)
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WIMP abundance and annihilation

Calculation of WIMP abundance requires the

annihilation cross section
108 —
QB2 0~ °GeV

(ov) < >:thermal average

Large loop correction
If n(intermediate particle) << m(WIMP)

the loop correction can be enhanced by
several orders of magnitude.

What if © Sm ? |
-The correction becomes smaller, but ™

still large!
- €.9. neutralino annihilation mediated "/ |
by nggs In SUSY mOdels' Hisano, Matsumoto and Nojiri (2003)
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One-loop correction to amplitude

* For majorana WIMP,
(final result in NR limit is valid for Dirac/scalar WIMP),

Tree: Ao L One-loop : 0 A AO,L
Common among
tree and one-loop

n = 1(0) for S (P)-wave
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One-loop correction

 Correction in the non-relativistic limit
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* To apply these results to the calculation of
WIMP abundance, let's consider the correction
to the thermally averaged cross section.
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Averaged cross section

Relic abundance
8.5 x 107! zp GeV 2 where z=m/T

Qh? e Jar) = [do
6.7

Tree level averaged cross section : (oov)(z) = & + —
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Averaged cross section

Relic abundance
8.5 x 107! zp GeV 2 where z=m/T

QO A% = o (ov)
" g*(fEF J(zrp) = mpdx 2

6%

Tree level averaged cross section : (0ov)(z) =~ & + ——

Correctlon tO J(X) We can easily calculate the correction
Jiotal = Jg +0Jg +dJp  with tree-level cross section!

g 00 dz 1
5 _ d )
Js(zy) 7o mx zp 22 asz2 + bgz + cg tas)

64.4¢ dz 1
d0Jp(zs) = 7r/ —)/z lexp( apz +bp) + ]

My F 24 cpz +dp

as = 0.000593; bg = 0.03417; cg = 0.1015; dg = 0.1182
ap = 0.318; bp = 0.1226; cp = 0.3309; dp = 0.6306
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Summary

* |f mass of intermediate particle is lighter
than or same as WIMP mass, the one-loop
correction is expected to be large. We
formulate the correction to the thermally
averaged cross section.

« With the formula, we can include one-loop
effect easily if tree level cross section is
already known.
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