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Overview

ÅNeutrons might disappear into a sterile partner, and experimentally this is not 
strongly constrained

ÅRelationship to important science questions, such as dark matter and lack of  
antimatter in the universe, or anomalies, such as the neutron lifetime discrepancy

ÅPrevious searches use ultracold neutronsñcold neutrons offer a robust and 
complementary approach

ÅWe can use existing infrastructure to perform these searches at ORNL
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Motivation

ÅWhat is dark matter?  Weõve been searching a long time; we need new avenues to explore! 
Cosmic Visions 2017 Community Report

ÅMirror matter:  identical copy of  SM with opposite parity [Phys.Usp. 50(2007) 380-389, From Fields to Strings 3

(2015) 2147]

ÅMirror sector was proposed to restore L-R symmetry [Phys.Rev. 104(1956) 254-258]

ÅNo new parameters.  ὤςsymmetry

ÅMM and SM donõt interact via known SM interactions except gravity [Sov.J.Nucl.Phys. 3 (1966)6]

ÅMM aviable DM candidate [PLB 503(2001) 362, IJMPA 29(2014) 1430013]

ÅPossibly related to sterile neutrino anomaly, GZK limit

ÅPredictions of  ὲὲmixing in Mirror Matter models
PRL 96 081801 (2006)

ÅApparent BNV:  Global ꜞ ꜞ ᴂꜞ?

ÅNeutron could be one of  a very few portals to a dark sector
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https://arxiv.org/abs/1707.04591
https://doi.org/10.1070/PU2007v050n04ABEH006227
https://doi.org/10.1142/9789812775344_0055
https://doi.org/10.1103/PhysRev.104.254
https://doi.org/10.1016/S0370-2693(01)00217-9
https://doi.org/10.1142/S0217751X14300130
https://doi.org/10.1103/PhysRevD.52.6607
https://doi.org/10.1140/epjc/s10052-012-2111-1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.081801


Neutron Oscillations

ÅSimilar concept to ὲ ὲ:  mixing of  neutron with sterile twin

ÅLess demanding magnetic field requirements

ÅSmall mirror magnetic field ║ᴂpossible from MM captured by earth

꞊
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oscillation time †

Åὲ ὲᴂmass splitting (10-24 GeV) or magnetic field (mG) can strongly suppress oscillation:  no 
oscillations in a neutron star, nucleus, earthõs magnetic fieldé

ÅNot sensitive to large ɝά in laboratory, control ὄfor resonance in probability:

0ὲᴼὲ ÃÏÓ‍

‫ ‘ὄ, ‫ ‘ὄȟ‘ ‘ᴂand †

ÅNear resonance 0ὲᴼὲ ᶿ .  Signal maximum when ÃÏÓ‍=1
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Transition Magnetic Moment (TMM)

ÅInclude off-diagonal operators:  TMM – MDPI Phys 1(2019) 271

–Ὂ ὲ„ ὲ –ᴂὊ ὲ„ ὲ+ HC ꞊
ά ‘Ɑɇ║ –Ɑɇ║ ║ᴂ

–Ɑɇ║ ║ᴂ άᴂ ‘ᴂⱭɇ║ᴂ

ÅAssume –Ḻ‘;   ὄ ὄᴂdepends on ὤςparity

ÅMagnetic field suppresses oscillation due to mass-
splitting, but with TMM off-diagonal enhances 
probability

ÅFor ‫ὸḻρprobability of  TMM transition becomes
nearly constant

ὖ
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https://doi.org/10.3390/physics1020021


Mixing with Antineutrons

ÅTransformation ὲᴼὲwould provide evidence of  -ꜞviolation, a yet unseen Sakharov Condition, 
needed to explain matter-antimatter asymmetry in universe

ÅConnection to cobaryogenesisIntJModPhysA331844034 (2018)

ÅSterile neutrons provide shortcut for neutron-antineutron oscillations arXiv:2002.05609

ÅStraightforward extension of  formalism to consider ὲᴼὲȟὲᴂ,ὲᴂ

ÅClassic signature: single mixing 
term ‐ without dark sector

Å‌ -- mixing with sterile neutron

ÅShortcut via new term‏

ὖ ͯ

ÅFrom ILL ὲᴼὲsearch and UCN limits/anomalies can estimate † † 100 ð1000 s2
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https://doi.org/10.1142/S0217751X18440347
https://arxiv.org/abs/2002.05609


Prior searches

ÅFirst searches forὲᴼὲᴂused UCN to place 
strong limits assuming ὄ π: (EB channel)

Å† ττψs (90% CL) NIMA 611(2008) 137-140

ÅReanalysis with ὄ πfound anomalies in AB channel 
EPJC 72(2012) 1974(with update EPJC 78 (2018) 717)

ÅDedicated searchwith ὄ πPRD 80 (2009) 032003

Å† ρςs for 0.4ǪT < ὄ<12.5ǪT (95% CL)

ÅPSI nEDM (arXiv:2009.11046) refutes anomalous 
signals reported in EPJC 72(2012) 1974, excludes some 
(not all) regions where anomalous òbandsó 
overlap EPJC 78 (2018) 717

ÅRecent limits on another concept ðòhidden 
neutronsó arXiv:2007.11335

ÅNeutronòswappingóprob.Ð τȢπ ρπ (95% CL)
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άwŀǘƛƻέ 9B and 
άŀǎȅƳƳŜǘǊȅέ !B

channels

https://doi.org/10.1016/j.nima.2009.07.041
https://doi.org/10.1140/epjc/s10052-012-1974-5
https://doi.org/10.1140/epjc/s10052-018-6189-y
https://doi.org/10.1103/PhysRevD.80.032003
https://arxiv.org/abs/2009.11046
https://doi.org/10.1140/epjc/s10052-012-1974-5
https://doi.org/10.1140/epjc/s10052-018-6189-y
https://arxiv.org/abs/2007.11335'


Complementary approach:  cold neutrons

ÅUCN fluxes much lowerthanCN butcan have 1000õs bounces/UCN.  

ÅCN beams provide much higher intensities; however, long free flight time required

ÅCN experiments need long, large area beamguides, in contrast to smaller UCN bottles

ÅCN offer robust approach to searches

ÅRegeneration = unambiguous signal; less dependent on changing intensity/spectrum

ÅAvoids ambiguity with wall losses

ÅRapid B variations possible

ÅFirst regeneration search attempt with 6m flight path:
† ςȢχs   Schmidt 2007

ÅDetailedrequirements for regeneration method
described PRD 96 (2017) 035039

ÅSensitive searches can be performed using existing neutron 
scattering instruments at ORNL arXiv:1710.00767, EPJWebConf  219 (2019) 07002
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http://inpa-old.lbl.gov/blnv2/files/Saturday/Session13/
https://doi.org/10.1103/PhysRevD.96.035039
https://arxiv.org/abs/1710.00767
https://doi.org/10.1051/epjconf/201921907002

