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Introduction 

• Context of twin Higgs models 

• Cosmological issues    

• Light DOF may actually be OK
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Fraternal Twin Higgs Model with Light Dark 
Radiation      

  

                                                              

• Focus on mirror twin lepton sector and keep light twin photons 
and massless twin neutrinos 

SM Fraternal 
Twin SM

L̂, ⌧̂ c, Q̂, t̂c, b̂c, ⌫̂R

3rd generation

Chacko et al. (05’), Craig et al. (15’) 

,
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• DM candidate: Twin tau,        (or the lightest lepton) 

• WIMP or Asymmetric DM (with non-zero lepton number) 

• Dark radiation: Twin photon     massless or sub-GeV 
scale (for SIDM), twin neutrino    ,   

• Dark hadrons:           glueball (lightest), twin mesons,…
I. Garcia Garcia et. al (15), N. Craig and A. Katz (16),  

M. Farina et. al. (16), M. Freytsis et. al. (16)

DM in Twin Higgs Model
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Cosmological Problems

Small scale structure: DM deficit problem 

Large scale structure:               discrepancy(�8, H0)
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Small-Scale Structure Puzzles
• DM deficit problems from dwarf to cluster scales

 Twin-tau      as the 
 Self-Interacting DM 

(SIDM)

⌧̂

M. Kaplinghat, S. Tulin, H. Yu (15)
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80 GeV Twin WIMP DM SIDM

• WIMP-like DM: 80 GeV  ( f/v = 3.5 ) 
• Twin photon can be massless when 
• Upper bound on twin-             coupling

Can solve problem  
for dwarfs and LSBs

e.g. 0810.5126↵̂ < 10�4

U(1)EM
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6 GeV Twin Asymmetric DM SIDM

Can solve problem  
for all scales
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Need an asymmetric  
twin-lepton number

↵̂ = ↵SM

Valentina Prilepina            vprilepina@ucdavis.edu

mailto:vprilepina@ucdavis.edu


Large-Scale Structure Puzzles
J. Lesgourgues, G. Marques-Tavares, M. Schmaltz (15)

3� 4�

⇤CDM+CMB+BAO
DM-DR+CMB+BAO
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�8    (       matter density perturbation on a sphere of 8 Mpc )

Smoothly damp power spectrum 
at different temperature scales

 In                   there is a            tension between CMB+𝚲CDM 
 and weak lensing measurements

Valentina Prilepina            vprilepina@ucdavis.edu

mailto:vprilepina@ucdavis.edu


Twin Leptons and Large-Scale Structure

M. Buen-Abad, G. Marques-Tavares, M. Schmaltz (15)

Also see: 
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Damping of the Power Spectrum:  
Solution to the      Issue�8

  Need                 

  Massless

↵B�L ' 10�9

  Massive 

Heavy mediator case doesn’t work!

   assume                that               
  solves the       problem 

↵B�L
�8
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�Neff         Constraint

Twin DR decouples from SM at above the GeV scale

�̂B�L

including a massless                                 �̂

Planck constraint                                 

Recent HST result  (1604.01424) suggests a larger             
           (~0.4-1). DR?

(1502.01589)

When having: 1generation            +                         
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Conclusion
• Hidden naturalness              Mirror sector DM + DR 

• Fraternal Twin Higgs model has interesting cosmology 

• Keeping DR: beneficial for cosmology 

• Experiments will tell! 
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Backup Slides



Twin Higgs Model: A Solution
• Twin Higgs (TH) Idea: add a SM-neutral twin sector 

• Quadratic divergence of Higgs mass cancelled by  hidden 
sector particles! 

• Very well-motivated mirror model  

• Twin WIMP DM (or asymmetric DM) + twin hadron sector
+DR
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