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Where is the new physics?
WHAT’S HAPPENING 
ON THE DARK SIDE?

WHAT’S THE DEAL WITH 
THE STANDARD MODEL?

Neutrino masses? 
Strong CP problem? 
Hierarchy problem? 

Experimental 
anomalies?

NECESSITATE UV COMPLETION!



There are probably new particles beyond 
the Standard model and these new 

particles May be dark matter 
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Parameterizing new physics
DETERMINE PARTICLE TYPE

DETERMINE INTERACTION TYPE

ONLY A LIMITED NUMBER OF 
RENORMALIZABLE OPERATORS!

1. Vector Portal

Dark U(1) 
that mixes 

with the SM 
U(1)

Additional 
particles charged 
under this U(1)
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Vector portal

BSM SECTOR

(Weakly coupled)



Millicharged* particle (MCP)

*nothing milli about millicharged

IF THE DARK 
PHOTON IS 

LIGHT, FIELD 
REDEFINITIONS 
RESULT IN AN 

EFFECTIVE  
MILLICHARGE

Effective Millicharge
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MCPs in astrophysical systems

DEGENERATE 
HELIUM CORE

RED GIANT BRANCH

HYDROGEN 
BURNING 
ENVELOP

STAR BECOMES 
BRIGHTER AND REDDER

HELIUM FLASH 
(TIP OF THE RED GIANT BRANCH 

IS BRIGHTER!)

ENERGY LOSS THROUGH MCPS COOLS THE STAR AND DELAYS HELIUM FLASH
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MCPs in astrophysical systems
PLASMON DECAYS 
ARE AN EFFICIENT 
MECHANISM OF 
ENERGY LOSS IN 

STARS! 

Fung, SH, Schutz et al (2023)

INCREASE THE 
BRIGHTNESS OF 

THE TRGB!



Much like stars 
today, the early 

universe was 
also a hot mess…



MCPs will be 
produced in the 
early universe 

through freeze-IN
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Y γ*
χ = 2 × 10−10 ( Q

10−12 )
2

( 1 MeV
mχ ) if mχ ≳ 10 keV

m2
γ,eff ∝ αT2

Decays stop when plasma frequency is 
smaller than the MCP mass
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m2
γ,eff ∼

αne

me

Y γ*
χ = 3 × 10−8 ( Q

10−12 )
2

if mχ ≲ 10 keV

If MCPs are very light, electron freeze-
out quenches the production!
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Freeze-in abundance through plasmon 
decays



Freeze-In abundance through 
annihilations
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e±

Ye+e−

χ = 1 × 10−9 ( Q
10−12 )

2

( 1 MeV
max(mχ, me) )
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If Millicharged particles Exist, They will always have 
an irreducible abundance because of freeze-in

Lighter MCPs 
wouldn’t cluster!

May be alleviated 
if  

efficient
χχ → A′ A′ 

May change in 
theories with 
low reheat 

temperature



If Millicharged particles Exist, They will always have 
an irreducible abundance because of freeze-in

Part of the 
parameter 

space already 
excluded by 
astrophysics!



2. Regardless of whether MCPs are Dark 
matter, can we use the Dark matter 

Experimental program to look for them?

1. How do mCPS impact observables?
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Direct detection experiments are sensitive to 
the ambient dark matter density

Event Rate

R ∝
ρDM

mDM

DM 
Number 
density

Interaction 
cross-

section

σ̄e

For the MCP background, limits on  can be interpreted as limits on 
!

σ̄e
σ̄e × ρMCP/ρDM
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Direct detection experiments will be sensitive to the 
MCP parameter space!

Nuclear recoil 
bounds recast 
for the case of 
light mediators 
(Hamby et al. 

PRD 2018) 
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Direct deflection
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THE ALTERNATING ELECTRIC FIELD IN THE DEFLECTOR SETS UP AN 
ALTERNATING MCP CURRENT IN THE DETECTOR!

Berlin et al, PRL (2020)



Direct deflection experiments will be sensitive to the 
mcp parameter space!

Idealized 
deflector 

setup,  
(Berlin et al, 
PRL 2020)



1. MCPS ARE MINIMAL EXTENSIONS OF THE 
STANDARD MODEL 

2. IF MCPS EXIST, THEY WILL BE IRREDUCIBLY 
PRODUCED IN THE EARLY UNIVERSE THROUGH 
FREEZE-IN

Takeaways:



3. DIRECT DETECTION EXPERIMENTS ARE SENSITIVE TO 
THE IRREDUCIBLE MILLICHARGED BACKGROUND!

ILES, SH & SCHUTZ: 2407.21096


