THE RELIC DENSITY
OF HEAVY NEUTRALINOS
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MOTIVATION

WHY COMPUTE RELIC DENSITY WITH HIGH PRECISION?
Qcpvh? = 0.1188 + 0.0010

() '
* does not change much 2

uncert ainty < 1 % 5 when varying experimantal {

data combinations

widely used codes e.g. DarkSUSY, micrOMEGAs have

comparable (f not slightly worse) numerical precision

(one-)loop corrections

theoretical uncertainty
significantly larger!
non-perturbative effects

LL resummation
Sommerfeld enhancement (SE)N
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Goal: calculate relic density with SE in the full MSSM
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| THE SOMMERFELD EFFECT
| FROM EW INTERACTIONS

force carriers in the MSSM:

| W, 2° K, RY, HE
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| at TeV scale —> generically effect of O(1 — 100%)

on top of that resonance structure

L——) effect of O(few)

for the relic density !
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. Note: for ID the enhancement is significantly stronger!
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WHAT IS KNOWN...
WITH THE SOMMERFELD ENHANCEMENT
® pure wino, pure higgsino
* mixed wino-higgsino (with everything else decoupled)

* stop and stau co-annihilations

* oluino co-annihilation

¢ Minimal DM model

 Only available tool for the MSSM:

DarkSE package extending the relic density by SE in DarkSUSY
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Based on a framework by

1 (%

2. off-diagonal annihilation matrices (\Y\

..AND WHAT WAS IMPROVED

the Sommerfeld effect for P- and O(v2) S-wave

P g i TIN  pe W, Ypy WT .

not present in DarkSE

New code (to be pUbllC) total effect up to 0G0%) |

suitable for full MSSM |
using EFT computation of annihilation matrices |
one-loop on-shell mass splittings and running couplings
possibility of including thermal corrections

present day annihilation in the halo (for ID)

accuracy at O(%), dominated by theoretical uncertinities of EFT |
4.
L——) caveat: still no NLO effects... |
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M, =12TeV M =2M; M, =10TcV; tanB=15
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u=2M,, M =4TeV, M,=10TeV: tanfi=15 H=2My.

, )
3 3

20
3 k

2000 2500 3000
M, [GeV]




lanS=15, My=12TeV, M, =10TcV ul=2My, My=12TeV, M =10TeV

=
<
g

L
S

M| =M |GeV]




i — e S T

b o D et it e e . g e e

bin B s i, ;b

CONCLUSIONS
1. Correct relic density for wino-like neutralino in
MSSM is obtained for wide range of masses:

&é,s- . & “pure wino”
\}9? \'\e /
co-annihilations? J § co-annihilations? pure wino :
: | resonance wino-like (higgsino)
mix. >OG0%) _m R o ; ;__ el *' __‘______: neeiE v B ino-like (bino)'
|
|l ) 2.4 2.8 3.3 4 TeV

2. (Close to) resonance regions give detectable ID signals
(already constrained - work in progress...)

Public code including full SE in the MSSM with accuracy for relic
density O(%) and running time O(min) to become available
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Upper limits on the Wino model, if it accounts for the whole DM

data-sets comb

density pro

J-tactors + for

. DM substr

ISRF and

local DM d

diffusion
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RELIC DENSITY

WITH THE SE

Boltzmann equation for the comoving number density;

dy \/g*wmi (OeffV) (v-2 2
il Y2_Y
dx 415G 2 ( eq)

effective thermal averaged annihilation cross-section:
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x=m/T time —»
ungman, Kamionkowski & Griest, PR'96
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