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What is the precision / uncertainty of 
your favorite DM tool?



15/12/2017Precision of relic density calculations 3Julia Harz

Prediction of the relic density

decreasing mass difference between LSP and NSLP

Boltzmann equations describes time evolution of 
relic density:

Particles with small mass differences can co-annihilate 
and dominate the contribution to the relic density

DM density very precisely 
constrained by Planck satellite

Ellis et al. (2014)
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Everything settled and straightforward?
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Everything settled and straightforward?

● No higher order corrections

● No Sommerfeld effect 

● No bound-state formation 

● No proper theoretical uncertainties

GAMBIT, e.g. uses a 5% uncertainty on 
the DM density for the whole parameter 
space

Ellis et al. (2014)
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(1) Higher order corrections to  

NLO

MO
LO

B. Herrmann, M. Klasen and K. Kovařík, Phys. Rev. D 79: 061701 (2009)
B. Herrmann, M. Klasen and K. Kovařík, Phys. Rev. D 80: 085025 (2009)

While effective couplings are a good approximation around Higgs-resonances, they fail 
when other channels are important, as e.g. at a Z-resonance → 20% correction to MO

→ corrections of ~ 100 GeV in the physical mass plane

sub-leadingleading
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(1) Higher order corrections to  

→ Corrections of around 40% to the MicrOMEGAs cross section only from loop corrections 

Coannihilation scenario on cross section level

J. Harz, B. Herrmann, M. Klasen, K. Kovařík and Q. Le Boulc’h, Phys. Rev. D 87, 054031 (2013)
J. Harz, B. Herrmann, M. Klasen, and K. Kovařík, Phys. Rev. D 91, 034028 (2015)
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(1) Higher order corrections to  

→ corrections of around 20% on the relic density 

This concerns only QCD corrections
→ EW corrections have to be added up

Coannihilation scenario on relic density level

J. Harz, B. Herrmann, M. Klasen, K. Kovařík and Q. Le Boulc’h, Phys. Rev. D 87, 054031 (2013)
J. Harz, B. Herrmann, M. Klasen, and K. Kovařík, Phys. Rev. D 91, 034028 (2015)
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(2) Theoretical uncertainty of  

● No real estimation of theoretical uncertainty of the cross section calculation 
so far!

→ scale variation                         gives an estimate
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(2) Theoretical uncertainty of  

→ first study of this kind in the context of DM in the literature!

● Calculation contains explicit uncancelled logs of the renormalisation scale

● Depends implicitly on scale dependent parameters, such as 

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)

● No real estimation of theoretical uncertainty of the cross section calculation 
so far!

→ scale variation                         gives an estimate



15/12/2017Precision of relic density calculations 11Julia Harz

(2a) renormalisation scale variation

• we find 10-15% correction to the micrOMEGAs value

• error 2 times larger than naively expected

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)

5%9%
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(2a) renormalisation scale variation

23% 20%

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)

• we find 45% correction to the micrOMEGAs value

• error 20 times larger than naively expected
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23% 23%

(2b) renormalisation scheme variation

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)

• Leads to a large K-factor of 1.4 instead of 1.05

→ confirms our choice

Analysis – using            instead of   
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(3) Sommerfeld enhancement

14% 20%

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)

Non-perturbative effects for small velocities

• Large K-factor in relevant region K=1-9

• Theoretical uncertainty of 20%
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(1-3) Summary

J. Harz, B. Herrmann, M. Klasen, K. Kovařík, and P. Steppeler, Phys. Rev. D93, 114023 (2016)
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(4) Higgs enhancement 

● Simplified model:

DM Majorana fermion    

co-annihilating with complex scalar      charged under SU(3)C 

● Annihilation processes:

we neglect p-wave suppressed contributions
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(4) Higgs enhancement

● Higgs as mediator of long-range interactions

Characteristic parameters, 
comparing physical scales:

Note the different scales of 

annihilation

Sommerfeld
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(4) Higgs enhancement

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

Yukawa interaction 
manifests as long-
range for an even 
smaller hierarchy of 
scales than anticipated

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

Even weak couplings to the Higgs can 
enhance the annihilation rate of the octet 
state or even overcome the repulsion 

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement 

JH, K. Petraki, arXiv:1711.03552
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(4) Higgs enhancement

We found a scenario within the MSSM with 

Let’s have a look at the MSSM:

Pierce et al. (2017)
Pierce et al. (2017)

that was checked with vevacious
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(4) Higgs enhancement

JH, K. Petraki, arXiv:1711.03552
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(5) bound-state formation

bound-state formation with Higgs as an additional mediator
work in progress (JH and K. Petraki)

perturbative

+ Sommerfeld

+ Sommerfeld + BSF

Liew et al. (2017)
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(6) DM tool related uncertainties

comprehensive study of uncertainties

work in progress (T. Bringmann, J. Edsjö, JH, B. Herrmann, C. 
Niblaeus, P. Scott in the context of GAMBIT)  

MicrOMEGAs xsec at freeze-out consistently 
larger than the one of DarkSUSY

Gambit (2017)
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Conclusions

Be aware that out-of-the-box calculations neglect

→ higher order corrections

→ theoretical uncertainty

→ Sommerfeld enhancement

→ bound-state formation

→ Higgs enhancement

of which each can lead to sizeable effects by its own!
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