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Introduction

The dark matter (DM) candidate

o WIMP (weakly interacting massive particle) with mass M, ~ O(few
TeV)

@ lightest, electrically neutral member of a non-degenerate SU(2)
multiplet x, by which we extend the Standard Model

L= Lsy+ X (i7" Dy — My) x

where D,, = 0, — igt® W]

@ non-relativistic at the time of freeze-out in the early universe: cold
DM

@ motivated from wino limit of MSSM — R-parity like multiplicative
conserved quantum number



Introduction

For cold, thermally produced DM, including coannihliations, the RELIC
DENSITY is given by
1.07 - 10° GeV 1 xy

Qh? = — o .
&' “Mpy(aesr + 3besr/xF)

with

. . k

@ the effective cross section oefrv = .7, rifjojv = ac + begrv? + O(v?)
being the sum over the Boltzmann weighted inclusive annihilation cross
sections

o freeze-out time xf = M, / T¢ ~ 20 (determined iteratively)

@ Mp, - Planck mass, and g, - effective number of relativistic degrees of
freedom at the freeze-out
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OUR PROJECT:

Resummation of these logarithms, and the derivation of a general form the
resummed inclusive annihilation cross section at LL precision



The framework of effective field theories (EFTs)

Heavy particle effective theory (HPET):

@ in analogy to HQET, but with | g . :
particles and antiparticles .

@ hard gauge bosons are i g
‘integrated out’ ;

@ additionally assume small
relative velocity \ : \ :

The inclusive annihilation process x?x# — X is related to the forward
scattering amplitude x?1x? — x#2x? via the OPTICAL THEOREM:

o(x™x®? — X) =2Imi A(x™x? — x'x?).



SU(2) ‘color’ decomposition

Small relative velocity — initial and final states form two-particle states
with respect to the SU(2) charge

— express effective four fermion operators in terms of irreducible
representations

For SU(2) triplets (with only vector coupling):
23®3=1030

@ The four-fermion vertices are described by effective operators in
irreducible representation:

i i
L4—fermion—op =C'0 )

where
Ol =N /_hm ufw Fw hwl s 03 =N F’w47u(ta) fW3 ng'}/u(ta) hwl 5
= Ns F’w{V ( )fw f27ﬂ( )hwl’
with hy, = (h B2 h3)T (fu, = (£1,£2,£3)7) describing particles

(antiparticles) with momentum pi



Describing of the IR structure: RGE

@ Real emission and virtual exchange of EW gauge bosons
from and between annihilating particles is described by
one-loop diagrams in HPET

@ IR singularities in full theory <> UV divergence of the
operator matrix element (O') in HPET
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The running with scale p is described by the anomalous dimension
y=3,07" (a/47r)"+1, and the renormalization group equation (RGE)

() =~ 27 2 (6.
—_———

! 7

d
Obare
dlnu< !

)=0 —

dlInp



A general form of the anomalous dimension

The general form of the one-loop anomalous dimension
matrix I in color space

T, -T,
r__(lz:J) Tﬁkusp ﬁ/Ja +ZPYI

our process 8 2 (C/ IT - T4) -

is projected onto the irreducible ‘color’ basis via
i— T jt
7= oyl {ay{an3 € {ary -
For the SU(2) triplet: the ‘color’ basis reads

C‘%a} = N1 02,2, Oazay 5 C?a} = N3 (ta)3231 (ta)a483 ’
A A
C?a} =Ns (q )3231 (q )3433 ’




Resumming the forward scattering amplitude

The general process x?x? — x?3x? leads to the scattering amplitude

o {5}
A{a}v - Z CI U tree {a}>
{5}
where interactions were absorbed into the soft function W (by field redefinitions
using Wilson lines).
Scale-dependence of (') is transfered onto the soft function — RGE:

d

Wi = —y*wh .
dlInpy K

From the RGE's solution, we obtain the running of the soft function:
ik

Wit = v | () ) v W ().

a(mw)
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d
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dinp 7

From the RGE's solution, we obtain the running of the soft function:

i

i) = |v (#Y v = Ui G, mw).

a(my)
D



The general form of the resummed cross section

@ choose the renormalization scale to be the factorization scale, and
also = M,

@ since M, > m; > my:
U"f(MX7 mw) — Uﬁ(an my¢) Us(me, my) = U(Mx7 me, myy)

@ We obtain

res ij i { }
Oaya,V 2 Z C U MX’ My, mW) <O{ree>{:} s4/3751)2

51,52 /37312

- Z JBorn Mxv my, mW) 0{3}5343153332

as,as

_ a(M M v
= D Tkom V []l - 7(0)% " <m—;>} Clay Oouor 02522

as,as
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Numerical analysis: the
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Numerical analysis: the impact on the
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— The relative size of the EW corrections to the Born level result is of

the order of a few per mil.
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Summary

@ directly accessible, model-independent, general form of the resummed
inclusive annihilation cross section at LL precision for heavy dark
matter
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Reason: logarithmic corrections suppressed by av
LO Born level contribution

2 in comparison to

@ Combining fermionic and bosonic final states with coupling of same
order of magnitude: Born cross section into fermions suppressed by v?
— overshadowed by LO bosonic result
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