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Abstract

The free neutron n can be a state mixed with the sterile ”mirror” neutron n' like that is conjectured
in the models of Dark Mirror Matter that allow transformations n — n'. In this case the neutron
transition magnetic moment (nTMM) should exist associated with the electromagnetic property
of n — n' process. The neutron can be spontaneously converted into mirror neutron n’ via the
nTMM (in addition to more conventional off-diagonal mass mixing coupling) interacting with the
magnetic field B as well as with hypothetical mirror magnetic field B’. In this letter we report the
results of the first attempt to detect nTMM via observation of enhanced n — n’ transformation
in a regeneration type of experiment using the beam of cold neutrons from the reactor. The non-

;

observation of n — n’ effect allows us setting 95% CL limit on nTMM &k < 2 x 10~ in units of pu,,
regular neutron dipole magnetic moment.



Possible mechanism of TMM in MM Model

simple view:

Nn = Ny!
nTMM =n = ku



Possible way to understand the nTMM?

In a simple picture, when we describe neutron interaction with magnetic field
by a Hamiltonian H = u - B , for some blink moment oscillating neutron
does not interact with B.

Also, there might be a hiccup in the spin rotation angle in magnetic field



General form of n & n’ time evolution with nTMM
in the presence of B and B’ can be described by Hamiltonian

E 6)+( po - B 770°[Bi3']>

}[:}[O'l'}[int:(E E nO'[BiB,] ‘Ll’O"B’

for the mixed states of ,, = (:,)

€ — mixing parameterofn & n': € = h,were Tisn < n’oscillation time;
u = p’ usual well known neutron dipole magnetic moment u = —1.91 uy
n — transition magnetic moment, magnitude and sign are unknown, assumed that |n| < |u]

+ is due to unknown and possibly different relative parity of B and B’



Schrodinger equation for mixed n and n' state coupled with nTMM

uof |n) interacts with mag That means that B
field B, but u' of |n’) does not interacts with n’ state

CLN /

ih=-|n) = po-B|n)+no-B' |n')+ne-B|n')

0
iha In'y = +no-B'|In)+no-B |n)+ u'o-B'|n’)
N

That means that B’

: . Interaction of Mirror
interacts with neutron

Dark Matter neutron
with ordinary B; the
NnTMM can be detection
mechanism of n’



Simplified Hamiltonian:
B'=0, V'=0, neglectneutrondecay and material absorption.
Also, subtract common real terms from diagonal

Without nTMM For one beam polarization:

—_ 0 € h
‘H = V—ubxrAm € Resonance: JH = ( Thn' — Pnn'
€ 0 e O €
With nTMM
_(V—uBiAm.e+naJv _( 0 eHnﬁ)
-\ €e+no-B 0 -~ \e+nB 0
n — n' transformation can occur due to nTMM (besides usual mass mixing coupling €)
and can be amplified by magnetic field B since no - B plays the role of €.
It is possible thatno - B >> €. t
P = (5

KMB)



NTMM in 2018

Z. Berezhiani et al, On the Neutron Transition Magnetic Moment

https://www.mdpi.com/2624-8174/1/2/21
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Hg. 3. Lower limits on the n — n' oscillation time, t,, at 95% CL. using the ratio and asymmetry observables, while assuming 8’ 0. Top (bottom) panel shows the
ratio (asymmetry} analysis, where the solid orange curve represents the lower limit on r:;” (r,:,.’"/m). (Top): The dot-dashed blue curve represents the lower limit
imposed using data in Ref. [34] by Ref. [35]. The black curve represents the global constraint calculated by Ref. [35] which imposes a weighted lower limit using data from
Refs. [31,33,34] and the B2 series in Ref. [35] The dot-dashed brown curve, represents the constraint from Ref. [21]. The dot-dashed red curve represents the constraint from
Ref. [33] The black dots indicate the solution consistent with the statistically significant signals as reported in Ref. [27]. (Bottom): The black curve 1s the global constraint
calculated in Ref. [35]. The dot-dashed blue curve represents the lower limit imposed using data in Ref. [34] by Ref. [35]. The three striped regions are the signals (95%
C.L.J: (1) the red striped region, 15 the signal region calculated in Refs. [29,35] from the 5.20 anomaly in Refs. [33]; (i1} the brown striped region is the signal calculated in
Refs. [29,55] from the 3¢ anomaly in Ref. [31]; and (i) the gray striped region is the signal from the 2.50¢ anomaly observed in the B2 senes of Ref. [35]. The black dots
indicate the solution consistent with the statistically significant signals as reported in Ref. [29]. The inset shows an enlarged portion of the bottom plot between the ranges

of 12.8 uT < B' < 20 puT.
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Figure 4: The anomalous signal regions of Berezhiani-2018 [42] from data in [37] (30, red), [40] (5.20, blue) and [42] (2.50,
green) together with the 95% C.L. limits on 7,/ /+/|cos(b)| from PSI-2009 [41], PSI-2021 [43] and this work as a function
of the magnitude of the mirror-magnetic-field, B’. Along with the most conservative PSI-2025 limit (black line) excluding
99.98% of the full solid angle (47), two higher limit curves but with less solid angle exclusion (99.62% and 89.84%) are plotted,
corresponding to levels of factor 2 (dashed line) and 5 (dotted line) above the anomalous signals.



ORNL-2026 PRD (data 2024)
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FIG. 10. Summary of most recent 7, limits vs positive and negative Am range from 107> neV to 107 neV. Limits reported
in this paper (gray area), overlaid with other searches for sterile neutrons, assuming a unified framework as proposed in [22].
Our previous SNS limits are taken from [9]. The recent 2026 limits marked PSI are results from UCN storage 29]. The
limit from UCN7T comes from the non-observation of anomalous losses, as calculated in [22]. UCN beam results marked as
ILL 2022 and ILL 2026 use disappearance in the GADGET detector 28]. The STEREO and MURMUR reactor results in
terms of [Am| < 10° neV are also presented from 25]. Limits at lower Am and the UCN n — n’ limits from neutron
EDM search apparatus are not shown on this plot.
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