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Introduction

This talk is based on my paper

N.V.K., Phys.Lett. B854(2024)138747
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1. Introduction

The main motivation in favor of BSM physics is 

dark matter.

There are a lot of dark matter models.

For many years SUSY with R-parity was 

the most popular dark matter model.

However LHC failed to discover SUSY.

Other models became popular now.
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We know that dark matter exists and it is cold

(nonrelativistic) or warm 

But we don’t know:

1. Spin of dark matter particles

2. Mass of dark matter particles

3. SM – DM interactions

In SUSY with R-parity conservation LSP is 

gaugino with s = ½ and m = O(100 GeV) as 

a rule
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Dark matter mass range
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WIMP

The most popular mass interval from LHC 

point of view  between O(1) GeV and 

O(1) TeV    -> WIMP = weakly interacting 

massive particles

Also mass interval between O(1) MeV and 

O(1) GeV is popular for fixed target 

experiments like NA64, BELLE,  SHIP, …

So called light dark matter
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Typical models

At LHC bounds depend on particular 

model. There are a lot of models. 

Simplified models:

A. Models with vector mediator

B. Models wth scalar mediator

Dark Matter: scalar, fermion, Majorana, vector

Spin 1.
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Underground experiments
Direct detection of DM using the elastic scattering reaction

DM + (electron)nucleon -> DM + (electron)nucleon

For instance for model with additional vector (B-L) interaction 

nucleon  DM cross section is
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Elastic DM nucleon cross 

sections bounds . Bounds from underground experiments. Particle data
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Introduction

Implications  from underground and 

accelerator experiments for different 

DM models are contained in recent review:

M.Lindner et al., arXiv:2403.15860

A lot of models at the level of exclusion
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The most popular light dark matter model –

model with additional U(1) gauge field 

A’ – dark photon model (Holdom, Okun)

Dark photon connects our world and dark 

matter world due to nonzero kinetic mixing 

between dark photon and ordinary photon
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THERMAL ORIGIN

We assume that in the early Universe dark 

matter is in equilibrium with the SM matter

Today DM density  tells us about annihilation 

cross-section. Correct DM density

corresponds to  <σanv> ∼ O(1) pb*c
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Dark matter dark photon  model depends on four 

unknown parameters

1. Mixing ε

2. Fine coupling constant for dark sector αD = e2
D/4π

3. Dark photon mass mA’

4. Dark matter mass mχ

Thermal origin condition  <σanv> ∼ O(1) pb*c

As a consequence:  3 independent parameters    

ε2αD = F(mA’ , mχ)
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Dark photon model generalization with a additional 

vector massive field

(N.V.K., Phys.Lett. B854(2024)138747)

Direct underground experiments lead to very strong bounds

on DM models. In particular, strong bounds arise for dark

photon model on mixing parameter ε. The main idea is that ε

parameter depends on the square of momentum transfer  q2 , i.e.

ε(q2) and for  ε(q2)  = cq2 at small q2 direct elastic cross section is

suppressed. Two possible realizations of this idea :

1. Nonlocal field theory – SM and dark sector are described by renormalizable
field theory  but the interaction between them 

Is described by nonlocal field theory

2. The introduction of additional vector field allows realize this idea. 

Suppose we have additional Z’ boson interacting only with the SM 

fields, for instance Z’ interacting with (B-L) current  of the SM

Moscow, 19 February 2025                                      



Moscow, 19 February 2025                                      



Moscow, 19 February 2025                                      



Dark photon model modification
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3.Conclusions

In this paper we have proposed two modifications of the dark photo model. 

In the first case we use nonlocal generalization with 

In the second case we introduce new vector Z’ boson besides dark photon 

field A’ . The dark photon field A’ interacts only with DM 

The vector field Z’(in our concrete case we use B-L model) nteracts only 

with the SM particles. The single interaction of our an dark world is 

due to nonzero mixing term

Both modifications predict the suppression of  elastic  nucleon 

DM cross section

Thank You for Your attention
.
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BACKUP

Moscow, 19 February 2025                                      



Scalar dark matter  χ

Ldark,s=(∂µχ-ieDA’µχ)*∙ (∂µχ-ieDA’µχ) –m2
χχ

*χ –λ(χ*χ) 2

-(1/4)F’µνF’µν + (m2
A’/2)Aµ’A’µ

It is possible to use Higgs mechanism to 

create  dark photon mass in a gauge invariant 

way

Also  models with Majorana fermion 

(χ = Cχ*) are often used

LM  = (eD/2)χ*γµγ5χA’µ

Moscow, 19 February 2025                                      



Scalar dark matter  χ

Ldark,s=(∂µχ-ieDA’µχ)*∙ (∂µχ-ieDA’µχ) –m2
χχ

*χ –λ(χ*χ) 2

-(1/4)F’µνF’µν + (m2
A’/2)Aµ’A’µ

It is possible to use Higgs mechanism to 

create  dark photon mass in a gauge invariant 

way

Also  models with Majorana fermion 

(χ = Cχ*) are often used

LM  = (eD/2)χ*γµγ5χA’µ

Moscow, 19 February 2025                                      



THERMAL ORIGIN

We assume that in the early Universe dark 

matter is in equilibrium with the SM matter

Today DM density  tells us about annihilation 

cross-section. Correct DM density

corresponds to  <σanv> ∼ O(1) pb*c

Moscow, 19 February 2025                                      



Moscow, 19 February 2025                                      



Moscow, 19 February 2025                                      


