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Overview

ANeutrons might disappear into a sterile partner, and experimentally this is n
strongly constrained

ARelationship to important science questions, such as dark matter and lack «
antimatter in the universe, or anomalies, such as the neutrondisetiepancy

APrevious searches use ultracold netitroolsl neutrons offer a robust and
complementargpproach

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

AWhati s dar k matter? Wedove been searchi ncg
CosmicVisions 2017 Community Report

AMirror matter: identical copy of SM with opposite paityss0(2007) 38389 From Fields to Strings
(2015) 2147
A Mirror sector was proposed to restiol® symmetrjPhys.Revl04(1956) 25254
A No new parametersy symmetry
AMM and SM dondét interact Vi@ukmaeasn SM i nter ac

AMM aviableDM candidateLe503(2001) 362JMPA29(2014) 14300].3 SM SV
A Possibly related terile neutrino anomaBZK limit

APredictions ot £ mixing in Mirror Matter models
PRL96 081801 (2006)

A ApparenBNV: Global ' '@
ANeutroncould be one of a very few portals to a seckor
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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

ASimilar concept © &: mixing of neutron with sterile twin ! i !
A Lessdemanding magnetic field requirements \7"/ NN \S’i.» d
A Small mirror magnefield || gossible from MM captured by earth
a - ag| o
= ( ) P .€@¢|E)3 oscillation time -
A& ¢ mass splitting (POGeV) or magnetic fieldhG) can strongly suppress oscillation: nc
oscill ations I n a neutron star, nucl eus

ANot sensitive to largeér  in laboratory, contrd for resonance iprobability'
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Transition Magnetic Moment (TMM)

Alnclude offdiagonal operators: TMM wopi physt (2019) 271

o o ) a ag¢l|| -a¢
-0¢, ¢ =3weg, & +HC - (—CI¢[|| ||]£o(ee Eﬁ¢||i

AAssume-L *; [8 & belepends o) parity
AMagnetic field suppresses oscillation due te m~=-:

splitting, but with TMM offliagonal enhances - / S‘"Z(m)/
prObablllty 04 /otzzs/ ot.lzs / ofozs
AFon o] p probability of TMM transition becoms |/ /  /
nearly constant 5 / /)
5 — Y

Magnetic Field B, Gauss
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https://doi.org/10.3390/physics1020021

Mixing with Antineutrons

ATransformatio © & would provide evidence btviolation, a yet unseen Sakharov Condit
needed to explain mataartimatter asymmetry in universe

A Connectiorto cobaryogenesisiModPhys/831844034 (2018) &
A Sterile neutrons provide shortfartneutrorantineutron oscillationsxiv:2002.05609 g4, &
A Straightforward extension of formalism to considert e &2 5

A Classic signatusgngle mixing & ag \\|\>1

term-  withoutdarksector 6 adl | |
Al --mixing with sterile neutron " | ‘1 a  ag :
A Shortcut via new tefm 1 | _ a@ afl
6 (—)

AFrom ILL€ © ¢ search and UCN limits/anomalies can estitnaté 1008 1000 3
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https://doi.org/10.1142/S0217751X18440347
https://arxiv.org/abs/2002.05609

Prior searches .

8 ) ) awl Ggamé 9

GFraevYygihNE

AFirstsearches far © ¢ asedJCN to place ) _ (rﬂ) channels

. . T (rs} I
stronglimitsassuming Tt (E5 channel) Ay = 0
At T T §(90% CL)MA 611(2008) 13740 np  tH_p
A Reanalysis with  1tfound anomaliés A channel I [ L B E

EPJC72(2012) 1974{With updateprJc 78 (2018) 7)17 10° [ Ex: Ratio Channel ] Eg: This wor

—Global: [25]
-+ [25]{30]

ADedicated searatith 6 TT PRD 80 (2009) 032003
At p s for 0.7 < § <12.50T (95% CL)

102

10°

(arxiv:2009.110)6refutes anomalous 10

signals reported imicr2 (20121974 excludes some
(not all) reglions whed;-

Apg: Thig wor,
--[25]¢ E
—30o: [ 5]«

—5.20 [24,25]«([29] 3

O| m gmttry C@ne' || S

overlapepaicrs (2018) 717 S 10h T N\ A
ARecent limits on anothmncepﬁo hidd eL‘b
neut En@0081035 B

A Neutrond s wa ppab.Dg o8t pmm (95% CL) 10", .
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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

AUCN fluxes much loweghanCNbutc an have 100006s bounces/

ACN beams provide much higher intensities; however, long free flight time required
A CN experimentseedong, large ardmamguidesn contrast to smaller UCN bottles

ACN offer robust approach to searches
A Regeneration = unambiguaignal; lessependent on changing intensipgctrum
A Avoidsambiguity with walbsses
A Rapid B variations possible

AFirst regeneration search attempt with 6m flight path:
T C& S Schmidt 2007

ADetailedrequirements for regeneration method
describedrp 96 (2017035039

A Sensitive searches can be performed using existing neutron
scattering instrumenrd$ ORNL arxiv:1710.0076 EPJwWebConf 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

