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Large elliptical focusing reflector with m=6 was proposed for ESS n — n experiment
to search for baryon number violation
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*  Minor Radius (BTUB) 2.00 m
»  Source-to-Target Distance (ZTARG) 200 m
»  Entrance/Exit Position (Z,/ Z,,) 10/50 m Known Challenges
* Reflectivity (m) m=6 ! cost
* RTARG (annihilation target radius) 1.00 m I Will be difficult to assemble
*  cold source model variable + 200m X dia 4m vacuum tank

+ magnetic compensation screen
+ large volume — rad. shielding
+ needs building with floor and crane

THE(UNIVERSITYof  ENNESSEE I xnoxVILLE




According to classical paper S. Marsh and K.W. McVoy (1983) oscillation phase of mixed n — n system
is reset due to collapse of the wave function under the collision either to n or to n interaction state
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We contrast the quantum-mechanical treatment of neutron oscillations in a “bottle” with the usu-
al free-space formalism. The quantum-mechanical corrections appear t¢ >duce the figure of merit
for the bottled-neutron experiments, and also place constraints on the experimental arrangement.

Therefore, one should not allow the number of collisions of the system to be > 1.
If #> 1 there will be no quadratic time dependence (e. g.in UCN trap), but
rather only linear dependence and the sensitivity of experiment will be reduced.



Recent conjecture of Valery Nesvizhevsky/ILL et al. (2019) is that reset of the oscillation wave function
occurs because the complex potential of interaction for n and n with reflecting surface is very different,
e. g. due to large annihilation (imaginary) potential of nn interaction with the reflector.
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An observation of neutron-antineutron oscillations (n —n), which violate both B and B- L
conservation, would constitute a scientific discovery of fundamental importance to physics and cosmology.
A stringent upper bound on its transition rate would make an important contribution to our understanding of
the baryon asymmetry of the Universe by eliminating the postsphaleron baryogenesis scenario in the light
quark sector. We show that one can design an experiment using slow neutrons that in principle can reach the
required sensitivity of 7,_; ~ 10'” s in the oscillation time, an improvement of ~10* in the oscillation
probability relative to the existing limit for free neutrons. The improved statistical accuracy needed to reach
this sensitivity can be achieved by allowing both the neutron and antineutron components of the developing
superposition state to coherently reflect from mirrors. We present a quantitative analysis of this scenario
and show that, for sufficiently small transverse momenta of n/n and for certain choices of nuclei for the
n/n guide material, the relative phase shift of the n and i components upon reflection and the 7 annihilation
rate can be small enough to maintain sufficient coherence to benefit from the greater phase space
acceptance the mirror provides.




The next conjectured points are:

e If U, =V, —ilW, = Uz =Vz— iW5there will be no oscillation reset.
(V,, is real part of optical potential, W5 imaginary part due to absorption)

* |If U,, and Uz potentials are about the same, then (nn) system can be
reflected coherently many times from the surfaces

— if the coherence is maintained under many collisions, then one can build
a very long reflecting tube of a small diameter (e. g. 20 cm) and
(a) dramatically reduce cost of experiment.
(b) achieve higher sensitivity of nn search.

Most recent found published paper on that is https://pos.sissa.it/380/428/pdf
Implementations of neutron/antineutron (n/n) guides
in experiments searching for n — n oscillations



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

ldentified example for reflector:

. _ . U.,, potentials are NOT the same
ncu = V’I’l o lWTl o (168 — Ll 0026) neV however, theoretically, reflection
ﬁCu = V_ _ lW— — (94 _ l . 27 O ) neV coefficients are large for both n

n n ] ] and 11
* thisis m=1 reflection withv, ~4.2 m/s
e super-mirrors with m>1 are not considered

Even if U,, = Ug, the fact of retaining the phase (coherence) under reflection is not experimentally established.

s it possible to model reflection of 2-level n = 1 oscillating system
with two-spin states precession in magnetic field?




If the reflection would collapse nnbar system to either n orn
the reflection should also “measure” polarization of reflected spin of n

Hamiltonians are similar:

B B, +iB 0 B
(a) Two-state system H = ug - B ; n=(T) ;H=u( z * y>=~u( ")

) B, —iB, —B, B, 0
Longitudinally polarized
Ei, = tuB, beam along z 1
P(o) (t) = sin? (uB,t/h)
1
(b) Two-state system N = (g) H = (5 g) E,, = te
1 .2

B =(0,0,0); N(0)=( o) P-(t) = sin? (et/h)

For n — n oscillation beam polarization is not essential, since B = 0 is required



Calculation of Optical Potentials in QM Scattering Theory

Uopt(prel) = —2mh? ’ml (fo(kye1)) =V —iW  where m, is reduced mass (h=c=1)

If b = —(fy(k,e;)) is bound coherent scattering length, then instead m, one can use m,, = m (See UCN book of Golub),
v — number density of the material, v — velocity

ReU,,: = 2nh2Re(b)— =V ImU,,; = 27Th21m(b)— =W

For s-wave elastic scattering: fg—o = —b(1 — ik,.;b)

k .
More generally: Imfg_o = 2 Otot optical theorem

S (including elastic, inelastic, absorption)

h(ototV
W= (tZOt )V,

V
V = Znthe(bCOh) — v —is number density of material
m




Let’s look at the non-magnetic reflector materials

» Reflector should be absorptive like

nCu=94.—1i-27.0 nelV/

Material properties should allow production
of mirror surface (e.g. Cd is very soft)

Absorber V W
neV neV

B4C 199 6.1
BN 194 2.84
Ni 335 0.03
Cu 168 0.026
Cd 58.8 8.5
Gd 46.4 102.3
Sm 6.0 11.8
Eu 37.8 6.8
Dy 134.2 2.3

nbar Cu 94 27

Gd (ferromagnetic < 20°C, paramagnetic > 20°C




Program of experiment

1. For two polarizations of neutrons the Re and Im parts of the optical potential will be
equal, that makes a perfect condition for testing the hypothesis of the oscillation phase
non-reset.

2. By measuring reflection phase change for two materials with complex optical
potential closeton & Cu and to n & Cu one can calculate the phase shift for
n < ﬁ SyStem reﬂeCt|On frOm Cu Fe / Si polarising supermirror

Q, [nm]
0.00 0.11 022 033 043 054 065 0.76 087 098 1.09 1.19 1.30
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Spin dependent reflectivity and polarization of a Fe/Si polarizing supermirror m = 5.5



Probability of p22 measurement
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Probability of p22 measurement
Initial state Polarzed p11 =1
Bz =1 Gauss. Bx =.25 -.65 Gauss

1 =5A Velocity 800 m/s

p22 = sin’(wt)

w=uB/h
u=603nelV/T
B, = 1G = 10T
B, = 0.65G

B, = 1.193G = 1.193 - 107*T
Frequency ~1.6 kHz



Idea of experiment: measure phase shift due to reflection from absorbing mirror material

Magnetically controlled precession volume
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reflector l
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Longitudinally :

polarized beam ! Polarization
) 4 TR T T T TToToTooomomooooooooooooooooooooes : Analyzer
at pr1=1 p ] detector

Range of reflection
angles 0.05-0.35°

* For fixed A max of p,, defines the position of beam reflection point
for A = 5A

e Spectrum of A (TOF) can be used for simultaneous measurements.

* absorbing/non-absorbing reflectors can be compared
* Reflectors with different U; # U, to study AV and AW effect on phase shift
* One reflector can be chosen with O.P. like nA and another like nA.
Difference of phase differences for two cases will determine the answer for (nn) reflection



MUuMETAL® Zero Gauss Choose Options

Chambers

3.00 in /76,0 mm [9.00 in / 229,0 mm]
6.00 in /152,0 mm [15.00 in / 381,0 mm]
9.00 in / 229,0 mm [27.00 in / 686,0 mm]
12.00 in / 305,0 mm [36.00 in / 914,0 mm]
18.00 in / 457,0 mm [54.00 in / 1372,0 mm)]
24.00 in / 610,0 mm [72.00 in / 1829,0 mm)]
Custom Size (Specify Size on Quote Form)




