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Quite some Activities on this Topic…
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What about Light Stop Scenarios?

strip of degenerate masses of neutralino / stop very hard to probe
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Interesting for the right Relic Density
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• number density of DM in early universe

can be described by Boltzmann equation

cooling 

down

Jungman, Kamionkowski, Griest, Phys. Reports 267 (1995)
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Effective cross section

• assuming lightest stop being the NLSP

• number density of DM in early universe

can be described by Boltzmann equation

Interesting for the right Relic Density



21.07.2014Julia Harz Phenomenology of Neutralino-Stop-Coannihilation including SUSY-QCD Corrections 4

PLANCK data

admixture of neutralino-stop coannihilation processes can be important to achieve

the right relic abundance and not to overclose the universe

Relic density

• assuming lightest stop being the NLSP

• number density of DM in early universe

can be described by Boltzmann equation

Interesting for the right Relic Density
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Current Status of Theoretical Calculation
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• precise relic density determination by PLANCK

Calculation so far just on (effective) tree level

Planck Collaboration, arXiv:1303.5076

• Theoretical prediction allows for constraining particle physics models

particle 
physics

Belanger, Boudjema, et al. , CPC (2002) Gondolo, Edsjö, et al. , JCAP (2004) Arbey, Mamoudi, et al. , CPC (2010)

MicrOMEGAs SuperIso RelicDarkSUSY MadDM
Backovic, Kong, et al. , (2013)

• Public tools evaluate the relic density for a specific parameter point in the MSSM 
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Neutralino-Stop Coannihilation at Tree Level

6

• 8 different final states have to be considered

• gluon, Higgs and electroweak vector bosons in the final 

state
particle 
physics

calculating loop corrections to match experimental precision
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… and at one-loop level including SUSY-QCD

t

7

• tree level with gluon in the final state

• NLO corrections give rise to propagator corrections, vertex corrections and box diagrams
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… and at one-loop level including SUSY-QCD

• tree level with gluon in the final state

• NLO corrections give rise to propagator corrections, vertex corrections and box diagrams
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Renormalisation

• Aim:   Renormalisation scheme which is valid over a wide parameter space

for all (co)annihilation

Coannihilation

• hybrid on-shell / DR renormalisation scheme

input parameters dependent parameters

• renormalisation

J. Vermaseren, S. Larin, T. Ritbergen, Phys. Lett. B405 (1997) 

A. Bauer, L. Mihaila, J. Salomon, JHEP 0902:037 (2009)

R. Harlander, L. Mihaila, M. Steinhauser, Phys. Rev. D (2005)

c.p. S. Heinemeyer, H. Rzehak, C. Schappacher, Phys. Rev. D82 075010 (2010)
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… and at one-loop level including SUSY-QCD

• tree level with gluon in the final state

• NLO corrections give rise to propagator corrections, vertex corrections and box diagrams
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IR divergences
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• 2-cutoff phase space slicing

eikonal

approximation

pure 2      3 

processes

hard-collinear 

approximation

B. W. Harris, J. F. Owens, Phys, Rev. D65 (2002)
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Intermediate On-Shell States

• with                    an intermediate on-shell state can occur as soon as 

• “counterterm” consists of Breit-Wigner weighted on-shell squared matrix element

consistent, width independent, gauge invariant treatment

retaining interference terms

W. Beenakker, R. Hoepker, M. Spira, P.M. Zerwas, Nuclear Physics B 492 (1997)

• local on-shell subtraction (DS) / “Prospino“ scheme

• resonant propagators are regularized by Breit-Wigner propagator
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Combining different (co)annihilating Channels
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Impact on the (Co)annihilation Cross Section
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• relative correction with

respect to default  

micrOMEGAs of up to 45 % 

for each subchannel

35% 43%

40%
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Impact on the Neutralino Relic Density

14

Impact of all combined channels on the relic density

large relative corrections with respect to

default MicrOMEGAs (~ 20%)
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Conclusions

15

• impact larger than current experimental uncertainties

• neutralino-stop coannihilation can be important in order to 

obtain the relic density in the right ballpark

• SUSY might be hiding in the light stop region

• calculation of neutralino-stop coannihilation and 

neutralino annihilation at full next-to-leading order

http://dmnlo.hepforge.org/

http://dmnlo.hepforge.org
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Backup
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Interesting for a 126 GeV Higgs …

• Higgs mass corrected by dominant one-loop corrections

with

Light stops interesting for collider phenomenology

as well as for dark matter relic density!

• Stop mixing matrix

maximal contribution from stop mixing for 

with
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Allanach, Kraml, Porod, JHEP (2003)

Allanch, Belanger, JHEP (2004)

Belanger, Kraml, Porod, Phys. Rev. D (2005)

• three-body processes

• determination of mass parameters

• precision of (co)annihilation cross

• section 

Uncertainties Entering the Calculation

• choice of cosmological model

• variation in hubble expansion rate

• effective degrees of freedom of

the universe

Arising from cosmology Arising from particle physics

Precision data from CMB measurements

PLANCK:  ~ 2% uncertainty

Hamann, Hannestad, et al. , Phys. Rev. D (2007)

Arbey,  Mahmoudi, Phys. Lett. B (2008)

Hindmarsh, Philipsen, Phys. Rev. D (2005)

Yaguna, Phys. Rev. D (2010)
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DM@NLO – a Tool for an improved Relic Density Prediction

• current public tools: calculation 

based on max. effective tree level

• DM@NLO provides 

(co)annihilation processes 

including O(αs) SUSY-QCD 

corrections

• DM@NLO will be publically 

available as Fortran library

• interface to MicrOMEGAs 

• ability to perform broad parameter 

scans

MicrOMEGAs

Spectrum Calculator

Output

CalcHEP

Input

DM@NLO

calculation of sparticle mass 

spectrum, mixing matrices, 

precision observables

setting input parameters 

according to Les Houches 

Accord within a model of the 

MSSM

calculation of all relevant 

(co)annihilation cross sections 

at tree level

integration of Boltzmann 

equation
cross sections which are 

provided by DM@NLO 

supersede CalcHEP cross 

sections

theoretical prediction of 

neutralino relic density based 

on NLO cross sections

calculation of all maintained 

cross sections including SUSY-

QCD corrections at NLO
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Phase Space Slicing (one cutoff)

a finite total cross section is achieved

• phase space is devided in soft and hard part by cut 

off ΔE

• use eikonal approximation in soft 

limit

with

Veltmann, `t Hooft,  Nuclear Physics B 153 (1979)
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Interplay of Virtual and Real Corrections

• contribution of the different corrections to the total coannihilation cross section

contributions still contain uncancelled logarithms

(Scenario I)
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Scale Variation
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Impact on the Coannihilation Cross Section

Comparison of tree-level, one-loop and MicrOMEGAs result

large relative corrections comparing 

NLO cross section with MicrOMEGAs

cross section

th0 final state: 38.5 %

J. Harz, B. Herrmann, M. Klasen, K. Kovařík and Q. Le Boulc’h,

Phys. Rev. D 87: 054031 (2013), arXiv:1212.5241 [hep-ph] 
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Impact on the Neutralino Relic Density

• mass difference of around 40-45 GeV

• „right“ relic density in the range of

maximal coannihilation contribution

• relative NLO correction of around 9 %

One-loop and MicrOMEGAs result in 2D parameter plane

impact larger than current experimental uncertainties

th0 final state: 38.5 %

J. Harz, B. Herrmann, M. Klasen, K. Kovařík and Q. Le Boulc’h,

Phys. Rev. D 87: 054031 (2013), arXiv:1212.5241 [hep-ph] 


