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Scalar fields corresponding to flat directions are called 
moduli fields. 

They are usually massless, non-perturbative effects can 
give a small mass to these fields. 

Moduli fields usually have gravitational interactions, or in 
other words have Planck mass suppressed interactions. 

Due to Planck suppressed interaction to the matter, 
moduli could serve as mediator to dark matter in Freeze-
in scenario.

Introduction



Moduli are light and have gravitational interactions ⇒ 
long lived!  

Moduli would decay at present time if  

 if                                                , moduli has not 
decayed until now and there is too much energy 
stored in it. 

 for                                            , the entropy release 
following the modulus decay is too large to be 
consistent with present observations.   

Constraints on Moduli

Γ𝒯 ∼ H0 ⇒ m𝒯 = (H0m2
P)1/3 ∼ 20 MeV

10−26 eV < m𝒯 < 20 MeV

20 MeV < m𝒯 < 10 TeV
Coughlan et al., ’83 
Goncharov et al. ’84 

Ellis et al., ’86



Model Set-up

We decompose the moduli as                        

We assume the imaginary part of the modulus 
posses a shift symmetry ⇒ real part of the 
modulus has non-derivative coupling to other 
fields. 

Lagrangian to be CP-symmetric and we consider 
terms until d=6. 

𝒯 ≡ s + i a



Lagrangian

ℒ ⊃ −
1
Λ [αΦ s DμΦDμΦ + (αΦ(∂μ s) + βΦ(∂μ a)) ΦDμΦ]

Scalar DM

Fermionic DM

Vector DM

ℒ ⊃ −
1
Λ [αV s VμνVμν + βV a Vμν Ṽ μν]

L � � 1

⇤

h
↵ (s  ̄ /D + @µs ̄�
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+ ↵0
 (s  ̄i�5 /D + @µs ̄i�5�

µ + h.c.)

+ � @µa ̄�
µ + �0

 (@µa ̄i�5�
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Rates

R(T )si→sf ( j) =
NiNf SiSf
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Scalar DM production rate 
from moduli

|M|2si!0(a) =
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i,0

⇤4

s4

(s � m2
a)
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2
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(18)

|M|21/2!0(s) = |M|21/2!0(a) = 0 (19)
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j
s a
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Table 2: �j
i,0 numerical factors

Amplitudes contributing to vectorial dark matter production
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Rates

General formula for the production rate for ultrarelativistic (mi ⌧ T,
p

s) thermal particles with spin

si (SM) producing dark matter particles with spin sf and mass mDM through mediator j:

R(T )si!sf (j) =
NiNfSiSf

32(2⇡)6

Z 1
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ds
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0
dp1f1

Z 1

s

4p1

dp2f2 (22)

The total rate for the production of a given DM candidate is found after summing over initial particles

and mediators.
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DM Evolution

dρϕ

dt
= −3H ρϕ − Γϕ ρϕ

dρR

dt
= −4H ρR + Γϕ ρϕ + 2⟨σv⟩⟨EDM⟩[n2

DM − (neq
DM)2]

dnDM

dt
= −3H nDM − ⟨σv⟩⟨EDM⟩[n2

DM − (neq
DM)2]

H2 =
1

3M2
P

(ρϕ + ρR + ρDM)

Chung et al. ’99, 
Giudice et al. ’01



101 103 105 107 109

a TRH

10�1

106

1013

1020

1027

1034

1041

1048
D

im
en

si
on

le
ss

ab
un

da
nc

es
⇢Ra4

⇢�a3

nDMa3 for mDM = 104 GeV, ms = 1016 GeV

nDMa3 for mDM = 104 GeV, ms = 1013 GeV

nDMa3 for mDM = 109 GeV, ms = 1010 GeV



Results Preliminary!



Conclusion

Modulus field usually have Planck mass 
suppressed interactions, thus is an excellent 
candidate as a mediator for Freeze-in dark matter 
scenario. 

The DM production gets enhanced due to s-
channel production at                             . 

In most of the parameter space considered, non-
derivative terms are suppressed compared to the 
derivative terms.

T ≃ m𝒯 = 2mDM



Thank You!!
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