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Motivation

• Galaxies rotation curves can't be explained  for visible matter [Rubin (1970s)]

• Galactic velocities in Clusters are anomalous [Zwicky (1936)]

• Gravitational lensing data also suggests extra mass

• Cosmic Microwave Background (CMB) suggests 26.8% of the Energy content of the 

Universe is invisible Matter [Planck (2018)]

• Presence of non-luminous (Dark) Matter

• 84% of all matter is Dark Matter, in Standard Cosmology
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Bullet Cluster [Chandra]



Motivation
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Galaxy Rotation Curve

Source: Corbelli, Salucci (2000)
CMB Map

Source: Planck/ESA



Supersymmetric Dark Matter

• Cosmological observations constrain DM to be "Cold", massive and neutral

• WIMPs: ideal dark matter particle, interact only weakly and gravitationally

• No candidate in Standard Model of Particle Physics, beyond Standard Model 
(BSM) Physics needed

• Supersymmetry (SUSY): well-motivated BSM 
framework (Naturalness, Higgs quadratic divergence cancellation)
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Source: Kurt Riesselmann



MSSM
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Source : Stephen Martin, A Supersymmetry Primer



Higgsino-like Dark Matter
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• The R-parity conserving Lightest Supersymmetric Particle (LSP) is stable

• In MSSM, the lightest neutralino is LSP

• In our work, Higgsino-like neutralino is the LSP and the Dark Matter candidate

• When Higgsino fraction is large (>99.9%), the tree level couplings tend to vanish

• Radiative corrections become important

• The tree-level vertex for neutralino-Higgs interaction is shown here



Higgsino-like Dark Matter
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• In order to satisfy the thermal relic abundance of               [Planck collaboration 

(2016)], Higgsino LSP should be ~1 TeV

• May be lowered in presence of coannihilation [Chakraborti et al (2017)]

• Non-thermal production models also exist [Aparicio et al (2016)]

• Other components of Dark Matter may exist [Baer et al (2015)]

• In this case, the DD bounds are relaxed in the same proportion

• In this work we do not concern ourselves with satisfying the thermal relic density in the early 
Universe

• Loop corrections for a few loops has been studied in literature [Hisano et al (2010), Hisano et al 
(1997)]

• But a comprehensive study with renormalization, counter-terms, and full set of loops had 
not been done before, which we pursue in our work



Radiative corrections to the Direct Detection process

• Various one-loop radiative correction diagrams for Higgsino-like neutralino calculated
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Ref: Bisal, Chatterjee, Das, Pasha (2023); arXiv:2311.09937



Continued
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Ref: Hahn, Perez-Victoria (1999)



Flow Chart
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Generated MSSM parameter file using 
SPheno

Read the parameters from this file and 
evaluated the loop expressions

Wrote the output in a data file and linked 
the file to micrOMEGAs model file

Added the vertex corrections to the 
required vertex factors

Got the loop corrected cross sections 
with the help of micrOMEGAs

Ref: Belanger, Boudjema, Pukhov, Semenov (2009)



Results Table

• Benchmark points for spin-independent interaction for Higgsino-like Dark matter
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Significance
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Ref: LZ Collaboration (2023)​



Significance
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Ref: LZ Collaboration (2023)



Bino-like DM: Results Table

• Benchmark points for spin-independent interaction for the mixed Bino-Higgsino-
like and Bino-Wino-Higgsino-like Dark matter
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Ref: Bisal, Chatterjee, Das, Pasha (2023); arXiv:2311.09938



Anomalous magnetic moment of muon
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Ref: Muon g-2 Collaboration (2023); arXiv:2308.06230

• New Fermilab experiment confirms muon's anomalous magnetic moment from the Standard 
Model value (Run-1 and Run-2 + Run-3 values shown below)



Summary
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• We have done a comprehensive study of the Radiative Corrections to the 

complete Renormalized sector of the Neutralino-Higgs interaction for pure Higgsino-like LSP 

as well as Bino-Higgsino-like and Bino-Wino-Higgsino-like well-tempered LSP

• The loop corrections are prominent (96%) and push the cross-section inside the 1-sigma 
band and close to the exclusion region, especially in the pure Higgsino case

• Anomalous muon g-2 and B physics constraints are satisfied in the same parameter space we 
have considered for Bino-Higgsino and Bino-Wino-Higgsino well-tempered LSP



Thank you
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• Cross-section corrections for Bino-Higgsino 
(left) and Bino-Wino-Higgsino (right) like 
Neutralino case
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