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Abstract



𝛾

𝛾′

𝑛 → 𝑛′

𝜂𝑛 = 𝜂𝑛′

simple view:

4
𝑛TMM ≡ η ≡ 𝜅𝜇
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Possible way to understand the 𝑛TMM?

In a simple picture, when we describe  neutron interaction with magnetic field 
 by a Hamiltonian 𝐻 = 𝝁 ∙ 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



ℋ = ℋ0 + ℋ𝑖𝑛𝑡 =
𝐸 𝜖
𝜖 𝐸

+
𝜇𝝈 ∙ 𝑩 𝜼𝝈 ∙ 𝑩 ± 𝑩′

𝜼𝝈 ∙ 𝑩 ± 𝑩′ 𝜇′𝝈 ∙ 𝑩′

𝜖 − mixing parameter of 𝑛 𝑛′ :    𝜖 = ℏ , were 𝜏 is 𝑛 𝑛′oscillation time;

𝜇 = 𝜇′ usual well known neutron dipole magnetic moment  𝜇 = −1.91 𝜇𝑁

𝜂 − transition magnetic moment, magnitude and sign are unknown, assumed that 𝜂 ≪ 𝜇

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

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

for the mixed states of  𝜓𝑛 =
𝑛
𝑛′
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𝑖ℏ
𝜕

𝜕𝑡
ȁ ۧ𝑛  =   𝜇𝝈 ∙ 𝑩 ȁ ۧ𝑛 ± 𝜂𝝈 ∙ 𝑩′ ห ۧ𝑛′ + 𝜂𝝈 ∙ 𝑩 ȁ ۧ𝑛′  

𝑖ℏ
𝜕

𝜕𝑡
ȁ ۧ𝑛′ = ± 𝜂𝝈 ∙ 𝑩′ȁ ۧ𝑛 +𝜂𝝈 ∙ 𝑩 ȁ ۧ𝑛 + 𝜇′𝝈 ∙ 𝑩′ȁ ۧ𝑛′  

μ of ȁ ۧ𝑛  interacts with mag
 field B, but 𝜇′ of ȁ ۧ𝑛′  does not 

That means that 𝐵
interacts with 𝑛′ state

That means that 𝐵′
interacts with neutron

Schrödinger equation for mixed 𝑛 and 𝑛′ state coupled with 𝑛TMM

≫

Interaction of Mirror 
Dark Matter neutron 
with ordinary B; the
nTMM can be detection 
mechanism of 𝑛′



ℋ =
𝑉 − 𝜇𝐵 ± ∆𝒎 𝝐 + 𝜂𝝈 ∙ 𝑩

𝝐 + 𝜂𝝈 ∙ 𝑩 0

Simplified Hamiltonian:
𝐵′ = 0, 𝑉′ = 0,     neglect neutron decay and material absorption.
Also, subtract common real terms from diagonal

ℋ =
0 𝝐 + 𝜂𝐵

𝝐 + 𝜂𝐵 0

With nTMM

ℋ =
𝑉 − 𝜇𝐵 ± ∆𝒎 𝝐

𝝐 0
                                                     

Without nTMM For one beam polarization:

Resonance:   ℋ =
0 𝝐
𝝐 0

 𝜏𝑛𝑛′ =
ℏ

𝝐

𝑛 → 𝑛′ transformation can occur due to nTMM (besides usual mass mixing coupling 𝝐)  
and can be  amplified by magnetic field B since 𝜼𝝈 ∙ 𝑩 plays the role of 𝝐.
It is possible that 𝜂𝝈 ∙ 𝑩 ≫ 𝝐.

𝑃𝑛𝑛′ =
𝑡

𝜏

2

𝑃𝑛𝑛′ =
𝑡

ℏ
𝜅𝜇𝐵
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nTMM in 2018

𝜖~3.3E-17 eV
at ~ 0.12 G

𝜅 𝑛𝑇𝑀𝑀 =
3.3 × 10−17

6 × 10−12 ∙ (0.12 + 0.12)
= 2.3 × 10−5

Plotted ~ 9× 10−6

“𝜖" = 𝜅𝜇(𝐵 + 𝐵′)

𝜖~2.5E-18 eV
at ~ 0.2 G

𝜏 > 260 𝑠

𝜅 𝑛𝑇𝑀𝑀 =
2.5 × 10−18

6 × 10−12 ∙ (0.2 + 0.2)
= 1.04 × 10−6

Plotted ~ 5× 10−7

Z. Berezhiani et al, On the Neutron Transition Magnetic Moment
https://www.mdpi.com/2624-8174/1/2/21 

UCN data

ℋ =
𝜇𝝈 ∙ 𝑩 − 𝜇𝝈 ∙ 𝑩′ 𝜅𝜇𝝈 ∙ (𝑩 + 𝑩′)

𝜅𝜇𝝈 ∙ (𝑩 + 𝑩′) 0

https://www.mdpi.com/2624-8174/1/2/21
https://www.mdpi.com/2624-8174/1/2/21
https://www.mdpi.com/2624-8174/1/2/21


PSI-2021
~700 s



PSI-2026
~ 220 s~ 260 s



ORNL-2026 PRD (data 2024)

1.83 s

@∆𝑚 = 0

nTMM-2
(2026)
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  𝛾


  𝛾 ′


  n → n ′


   𝜂 n =  𝜂   n ′


  n


  ≡ η ≡ 𝜅 𝜇


  n


    H = 𝝁 ∙ 𝑩


  ℋ =  ℋ 0 +  ℋ  i n t =  (    E  𝜖   𝜖  E ) +  (    𝜇 𝝈 ∙ 𝑩  𝜼 𝝈 ∙  [ 𝑩 ± 𝑩 ′ ]   𝜼 𝝈 ∙  [ 𝑩 ± 𝑩 ′ ]  𝜇 ′ 𝝈 ∙ 𝑩 ′ )


  𝜖   −  


  n ↔ n ′


  𝜖 = ℏ


  𝜏


  n ↔  n ′


  𝜇 = 𝜇 ′


  𝜇 = − 1 . 91    𝜇 N


  𝜂 −


   | 𝜂 | ≪  | 𝜇 |


  ±


  𝑩


  𝑩 ’


  n ↔ n ′


  n


  𝑩


  𝑩 ′


   𝜓 n =  (    n   n ′ )


  i ℏ  𝜕  𝜕 t  |  n ⟩   =


  𝜇 𝝈 ∙ 𝑩    |  n ⟩ ± 𝜂 𝝈 ∙  𝑩 ′    |  n ′ ⟩ + 𝜂 𝝈 ∙ 𝑩    |  n ′ ⟩    


  i ℏ  𝜕  𝜕 t  |  n ′ ⟩ = ±   𝜂 𝝈 ∙  𝑩 ′  |  n ⟩ + 𝜂 𝝈 ∙ 𝑩      |  n ⟩ + 𝜇 ′ 𝝈 ∙  𝑩 ′  |  n ′ ⟩      


  μ  of   |  n ⟩    


  𝜇 ′


   |  n ′ ⟩


  B


  n ′


  B ′


  n


  n ′


  n


  ≫


  n ′


  ℋ =  (    V − 𝜇 B ± ∆ 𝒎  𝝐 + 𝜂 𝝈 ∙ 𝑩   𝝐 + 𝜂 𝝈 ∙ 𝑩  0 )


   B ′ = 0 ,           V ′ = 0 ,


  ℋ =  (    0  𝝐 + 𝜂 B   𝝐 + 𝜂 B  0 )


  ℋ =  (    V − 𝜇 B ± ∆ 𝒎  𝝐   𝝐  0 )


  ℋ =  (    0  𝝐   𝝐  0 )


   𝜏  n  n ′ =  ℏ 𝝐


  n → n ′


  𝝐


  𝜼 𝝈 ∙ 𝑩


  𝝐 .


  𝜂 𝝈 ∙ 𝑩


  ≫ 𝝐 .


   P  n  n ′ =    (  t 𝜏 ) 2


   P  n  n ′ =    (  t ℏ 𝜅 𝜇 B ) 2


  𝜖 ~


  𝜅    ( n T M M ) =   3 . 3 ×  10  − 17  6 ×  10  − 12 ∙ ( 0 . 12 + 0 . 12 ) = 2 . 3 ×  10  − 5


  ×  10  − 6


  𝜖 " = 𝜅 𝜇 ( B + B ′ )


  𝜖 ~


  𝜏 > 260   s


  𝜅    ( n T M M ) =   2 . 5 ×  10  − 18  6 ×  10  − 12 ∙ ( 0 . 2 + 0 . 2 ) = 1 . 04 ×  10  − 6


  ×  10  − 7


  ℋ =  (    𝜇 𝝈 ∙ 𝑩 − 𝜇 𝝈 ∙ 𝑩 ′  𝜅 𝜇 𝝈 ∙ ( 𝑩 +  𝑩 ′ )   𝜅 𝜇 𝝈 ∙ ( 𝑩 +  𝑩 ′ )  0 )


  𝜅 = 5 ×  10  − 6


  𝜅 = 1 ×  10  − 6


  ∆ m = 0

