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MIRROR DARK MATTER

¡ Hidden sector isomorphic to Standard Model (SM) 

Ø contains mirror partner of each SM particle

Ø same masses, lifetimes and self interactions

¡ Symmetry allows kinetic mixing interaction between sectors

ℒ = ℒ#$ 𝑒, 𝑢, 𝑑, 𝛾,𝑊, 𝑍 … + ℒ#$. 𝑒′, 𝑢′, 𝑑′, 𝛾′,𝑊′, 𝑍′ … + ℒ012

ℒ012 =
𝜺
4
𝐹67𝐹′67 + 𝛬𝜙:𝜙 𝜙′:𝜙′
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LUX EXPERIMENT

¡ What: dual phase (liquid-gas) xenon TPC

¡ Where: SURF, South Dakota, USA

¡ When: data taking 2013 - 2016

¡ Why: WIMP search - nuclear recoil signal, also 
electron recoil searches (solar axion,  axion like 
particle, sub GeV dark matter)

¡ Mirror electrons would interact with atomic electrons 
via kinetic mixing - electron recoil signal

3



ENERGY SPECTRA

¡ Rate depends on kinetic mixing parameter and 
local mirror electron temperature (velocity) 

¡ Shielding, modulation and atomic shell effects 
accounted for (solid lines)
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LUX 
Preliminary

Capture and shielding:

1. Energy loss -
capture

2. Extended 
distribution -
thermalizes

3. Self shielding



ANALYSIS

1. Energy spectra

2. Simulations – detector observables (S1, S2, r, z)

a) signal

b) background: internal 𝛽s, external 𝛾s 

3. Data - LUX Run3 Apr-Sept 2013

4. Profile likelihood ratio – 90% confidence limit 
on number of signal events

5. Limit setting – 90% confidence limit on kinetic 
mixing
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RESULTS

First direct detection search for mirror dm:

¡ no evidence for ER signal

¡ ruled out T>0.3 keV 

¡ constrain kinetic mixing for T<0.3 keV

Orthopositronium result

LUX 2013 result

Disallowed by theory

Theory constraint:
10>?? ≤ 𝜀 ≤ 4×10>?D

Other experimental constraint from 
invisible decays of orthopositronium
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BACKUP
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RATE CALCULATION
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Differential scattering rate: EFEGH
= 𝑔J𝑁J𝑛M.D

N
OPQGH

R
1 + 𝐴O𝑐𝑜𝑠𝜔 𝑡 − 𝑡D

+𝐴Z(𝜃 − 𝜃̅)
¡ Detector, N`:	atoms	per	kg
¡ Atomic	effects, 𝑔J : number of electrons with binding energy < 𝐸F

¡ Kinetic mixing interaction: 𝜆 = 4stRuR

0v
R

¡ Shielding effects:

¡ 𝑛M.D : mirror electron number density 

¡ 𝑣xD: velocity distribution

¡ Modulation terms: 1 + 𝐴O𝑐𝑜𝑠𝜔 𝑡 − 𝑡D + 𝐴Z(𝜃 − 𝜃̅)



MIRROR COSMOLOGY

¡ Z.Berezhiani, D. Comelli and F. Villante, ‘The Early Mirror Universe: Inflation, Baryogenesis, 
Nucleosynthesis and Dark Matter’, Phys.Lett.B503:362-375(2001) and Z.Berezhiani, ‘Mirror World and 
it’s Cosmological Consequences’ IntJModPhys.A19:3775-3806(2004)

¡ In BBN effective number of degrees of freedom at T~1MeV is g*=10.75 (from 𝛾, e-, 𝜈). With mirror 
particles this becomes g*=g*(1+(T`/T)4). Difference from 10.75 is written in terms of effective number 
of extra neutrino species: Δg = g*-10.75=1.75ΔN𝜈. ΔN𝜈 = 6.14(T`/T)4<1 from observations gives 
limit: T`/T<0.64.

¡ Different means different cosmological evolution, but with same microphysics.

¡ Lower temperature means larger baryon asymmetry than observable sector, so mirror baryons can 
contribute to DM (completely or along with CDM).

¡ Different conditions at BBN gives higher mirror He abundance.

¡ Large scale structure formation looks like CDM.
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MDM TEMPERATURE
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Assuming all mirror halo particles in thermal equilibrium.

[From J.Clarke, R.Foot,PhysLettB.2016.12.047]

https://www.sciencedirect.com/science/article/pii/S0370269316307936


THEORETICAL LIMITS
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10>?? ≤ 𝜀 ≤ 4×10>?D
§ J.Clarke, R.Foot,PhysLettB.2016.12.047
§ Lower limit required for halo equilibrium [R.Foot, IntJModPhysA.29.1430013] – heating from 

supernovae (𝑒′>𝑒′z created in SN escape and annihilate to 𝛾. absorbed by mirror nuclei in 
halo) must balance energy loss from dissipative processes

§ Upper limit – if ϵ is too high structure formation is too heavily damped by acoustic oscillations 
[R.Foot, S.Vagnozzi, JCAP1607.014]

https://www.sciencedirect.com/science/article/pii/S0370269316307936
http://www.worldscientific.com/doi/abs/10.1142/S0217751X14300130
http://iopscience.iop.org/article/10.1088/1475-7516/2016/07/013/meta


BACKGROUND COMPONENTS/NUISANCE PARAMETERS

Backgrounds from:

¡ External 𝛾s from radioactive decay of isotopes within detector components 

¡ Internal 𝛽 decay from Rn, Kr contaminants in liquid xenon

¡ X-rays following 127Xe electron capture, where the accompanying 𝛾 is not detected

Screening campaign gave the radioactive content of detector components, further constrained using data. Internal 
backgrounds were estimated from direct measurements of LUX data and sampling the Xe during the run. These were 
used to project the background rates for the period of data taking and normalise the Monte Carlo spectra.

Fiducial radius of 18 cm chosen to exclude background events from decay of isotopes on detector walls.

Uncertainties on electron recoil background rate (with gaussian constraint) used as nuisance parameters (low z 𝛾s, 
other 𝛾s, internal 𝛽, 127Xe and 37Ar electron capture decays)
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