
Possibility for another experiment with MAGREF at SNS

Understanding the retaining of the oscillation phase 
in reflection from highly absorbing materials.
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It is about 𝑛 → ത𝑛 rather than for 𝑛 → 𝑛′



• Elliptical Reflector Section
• Minor Radius (BTUB) 2.00 m

• Source-to-Target Distance (ZTARG) 200 m

• Entrance/Exit Position (Z0/ Zm) 10/50 m

• Reflectivity (m) m=6

• RTARG (annihilation target radius) 1.00 m

• 𝑐𝑜𝑙𝑑 source model variable

At found 𝑛𝑡2

max position

𝑛 → ത𝑛 Baseline Configuration for Simulation (2015)

!  Challenges ≡ cost 
!  Will be difficult to assemble
+ 200m × dia 4m vacuum tank
+ magnetic compensation screen
+ large volume rad. shielding
+ building with floor and crane

Large elliptical focusing reflector with m=6 was proposed for ESS 𝑛 → ത𝑛 experiment

Focusing idea:
Neutrons emitted withing large 
± 5° aperture by single reflection
should be directed to annihilation 
target

In vacuum with B=0
(𝜇𝑛 = −𝜇 ത𝑛 from CPT)

𝑃 𝑛 → ത𝑛 = (𝜖𝑡)2



According to classical paper S. Marsh and K.W. McVoy (1983) oscillation phase of mixed  𝑛 → ഥ𝑛 system 
is reset due to collapse of the wave function under collision to either to 𝑛 or to ത𝑛 interaction state.

Therefore, one should not allow the number of collisions of the system to be > 1.
If  # ≫ 1 there will be no quadratic time dependence, but rather only linear. 



Recent conjecture of Valery Nesvizhevsky et al. (ILL, 2019) is that reset of the wave function occurs because 
the complex potential of interaction of 𝑛 and ത𝑛 with reflecting surface is very different, e. g. due to large 
annihilation (imaginary) potential of ത𝑛 interaction with the reflector.



Their next conjectured points there: 

• If  𝑈𝑛 = 𝑉𝑛 − 𝑖𝑊𝑛 ≡ 𝑈ത𝑛 = 𝑉ത𝑛 − 𝑖𝑊ത𝑛 there will be no osc. reset

• If potentials are about the same, then 𝑛ത𝑛 system can be reflected from 
surfaces many times before decoherence will happen. 

→ if coherence will be maintained under many collisions, then one can have 
a very long reflecting tube of a small diameter, e. g. 20 cm. Thus, it can cut 
the cost, and gain in sensitivity of 𝑛ത𝑛 search.

Most recent published paper on that is https://pos.sissa.it/380/428/pdf Preferred example:
𝑛𝐶𝑢 ⇒ 𝑉𝑛 − 𝑖𝑊𝑛 = 168.− 𝑖 ∙ 0.026 𝑛𝑒𝑉
ത𝑛𝐶𝑢 ⇒ 𝑉ത𝑛 − 𝑖𝑊ത𝑛 = 94 − 𝑖 ∙ 27.0 𝑛𝑒𝑉
This is m=1 reflection, super-mirrors are 
questionable

https://pos.sissa.it/380/428/pdf


Even if it is correct, the fact of retaining the phase under reflection is not experimentally established.
How to test it? Obviously not with 𝑛ത𝑛, but with some other two-level mixed system.
Other two-level system can be polarized neutron beam precessing in the magnetic field.

Albert Young (with different motivation) several years ago proposed such measurement

Reflector should “detect” the polarization (like 𝑛 and ത𝑛)

Two-state system 𝑛 =
↑
↓

𝐻 = 𝜇𝝈 ∙ 𝑩 = 𝜇
𝐵𝑧 𝐵𝑥 + 𝑖𝐵𝑦

𝐵𝑥 − 𝑖𝐵𝑦 −𝐵𝑧

𝐸1,2 = ±𝜇𝐵𝑡𝑜𝑡𝑎𝑙



• MAGREF can be used for reflection from sample with selected  𝑈𝑛 = 𝑉𝑛 − 𝑖𝑊𝑛.
Reflection is due to 𝑉𝑛 Fermi potential.
Uniform mag. field ~ 1 Gauss is needed to set a controlled precession.

• Alternatively, for polarized beam one can have a reflection surface with high V and W
and use 3He analyzer of the spins after reflection.

• Fe/Si polarizing supermirror? High-
absorptive material (e. g. Gd) can be 
evaporated on the surface of reflector 
(?) If we create equal V and W on the 
surface of the reflector, will it be still 
spin sensitive? 



Velocity 800 m/s
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11 cm

𝜔 = 𝜇𝐵

Spin precession in uniform field (Erich Bermel / UT / 2021)




