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Mysteries after the Higgs discovery

What is dark matter (DM)? 

How was it generated?

What is the origin of symmetry breaking? 

How many Higgs fields?

Find the fundamental model describing 

the Higgs and DM in a unified picture!

So many literatures suggest that the Higgs is a 

bridge between the DM and our world 

Important and necessary to carefully investigate 

the connection between the Higgs and DM



High-multiplicity scalar production
J. M. Cornwall, PLB243 (1990),  H. Goldberg, PLB 246 (1990)

7 Higgs production

5 Higgs production

V. Khoze, M. Spannowski, NPB 926 (2018)

𝑛 dependence of 𝑛-Higgs production 

at proton-proton collider

Exponential growth of the “decay rate” of  

energetic scalar with final state multiplicity

𝚪𝐧 ∼ 𝝀𝒏𝒏! × 𝒇𝒏(𝑬)



Aim

Revisit the Higgs portal DM with taking into 

account high-multiplicity final state

-- precisely calculate the relic density to make 

   use of a probe for DM-Higgs interaction

-- analyze the indirect signals of DM annihilation 

   to reconstruct the nature of DM from cosmic rays

Previous literatures

DM + DM 𝐻 + 𝐻 only for the calculation of relic density

⟨𝜎𝑣 DMDM → 𝐻𝐻 ⟩ 

(early universe) (almost) one-to-one 

correspondence

𝜎𝑣 DMDM → 𝐻𝐻  

(current universe)



Model and Transition amplitude



DM annihilation with Higgsplosion

Boltzmann equation  (evolution equation of DM density)

Dimensionless reaction rate

Dimensionless reaction rate
M. V. Libanov, V. A. Rubakov, D. T. Son, S. V. Troitsky, PRD50 (1994)

V. Khoze, M. Spannowski, NPB 926 (2018)

Argument of the exponential = positive-valued

               𝑹𝒏 𝒔  grows with the multiplicity 𝒏
Important



Relic density

𝜆 = 0.129, 𝑚𝜑 = 50 GeV𝑀𝜒 = 𝑛𝑚𝜑/2,

ΩDMℎ2 = 0.120 ± 0.001  

            Planck collaboration

 Parameter set (𝑀𝜒 = 4.8 TeV, ෤𝑦𝜒 = 1.53𝑖) 

successfully accounts for relic abundance

 Quantum statistics for the high-

multiplicity state could change the results

Much heavier than the Higgs portal DM in 

previous works, 𝑚DM ≃ 62 GeV, where 

relic density is achieved by the Higgs pole

Bose-Einstein distribution should be applied 

for the thermal averaging of DM annihilation, 

which may be enhanced by stimulated emission



Summary and discussion

 Revisit to Higgs portal DM with taking into account Higgsplosion 

             -- energetic Higgs boson decays into 𝑛-Higgs boson 

 -- long-stay in equilibrium through strong interaction with Higgsplosion

 -- a favored parameter: 𝑀𝜒 = 4.8 TeV and | ෤𝑦𝜒| = 1.53 

                       (much heavy compared with Higgs portal DM in previous works)

 -- simple and applicable to various models

 Discussion

-- quantum statistics effects for high-multiplicity

                    Bose-Einstein distribution and stimulated emission 
                    could change the shape of window function 𝑊 𝑠

             -- test in indirect search of DM

                    important and necessary to reanalyze the signal with 
                    high-multiplicity state to reconstruct the nature of DM
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