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Tentatively: A new concept for experiments
searching for neutron-antineutron oscillations,

AW This talk is based on an unpublished paper:

n—n by
AB = 2 V.V. N., V. Gudkov, K.V. Protasov,

M.W. Snow, and A.Yu. Voronin

A development of the quasi-free-neutron method:
neutrons are allowed to bounce from the neutron guide walls.
An antineutron would travel along the same trajectory,
without annihilating and/or loosing coherence of the two
states for extended period of +time, thus increasing
sensitivity quadratically (about 4 orders of magnitude).
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7/ Two methods used in the past

1. 1 — N oscillations of neutrons in the so-called quasi-
free limit, when oscillations are not suppressed by
external fields (magnetic field, optical potential of
residual gases etc), and thus the probability of
oscillations is proportional to the square of the

observation time (time intervals shorter than ~AE /h);

2. M — N oscillations of neutrons bound in nuclei (much
larger number of neutrons available but much shorter
observation times because of the suppression of
oscillations by strong nuclei fields).
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i Two methods used in the past

In any case, the appearance of antineutrons is the
signature of the process.

At present, both methods provide comparable
constraints for the characteristic oscillation time equal to
~10% sec (nuclei constraints are slightly better but model-
dependent).

We propose a new method, which combines somehow the
advantages of the two methods (the knowledge of nuclear
suppression  of  oscillations and  (quasi)-model-free
inferpretation of results) and provide an improvement in the
sensitivity of 4 orders of magnitude in terms of the
oscillation probability.

01.06.18 INSTITUT MAX VON LAUE - PAUL LANGEVIN V.V.Nesvizhevsky



NEUTRONS .
FOR SCIENCE AL SN = A e «5”" -

#flll The best constram with free neu'rr'ons

Cold n-source
25 02

* fastn, background

Bent n-guide **Ni coated,

.-,.“,\\.‘. ‘ | HFR @ ILL
; ,' L~63m,6 x12cm?

=7 1w

II>3 n-beam
1.7 10" nfs “Zigre . Tocusing reflector 33.6 m
e, Flight p:-th T6m
"'E: ._l"" - - [
N STOF=-- 0,109 5 Detector:
'-L\"'\‘_ '\.‘_. - .
Magnetically o0 Iracking&
shiclded Calotimetry

93 m vacuum tubc

v~ 600 m/s

Annihilation”

Bm -

M. Baldo-Ceolin, P. Benetti, T.B = . . =
et al. A new experimental lim s s

neutron-antineutron oscillations. == ——~
Phys. C 63 (1994) 409. -

01.06.18 INSTITUT MAX VON LAUE - PAUL LANGEVIN V.V.Nesvizhevsky




/4 A new experiment proposed at ESS
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ESS: European Spallation Source. One of largest projects with
the budget of about 2 Milliards euros. N1 — 11 is the largest
experiment currently considered at ESS (USA-Europe
collaboration with over 50 main participants from over 20
universities/institutes. Extensive improvement of parameters of
the previous experiment. An expected gain of 2-3 orders of

magnitude.
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For the same installation length, include
- Smaller transversal sizes,
- Lower costs,

- Larger statistics (higher accuracy).

For a larger length,

the gain in sensitivity of up to ~10% over the existing
PF1/ILL result in terms of the oscillation probability
could be achieved
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#ll  Estimation of the oscillation probability

I'q

Nk it
T Efe it The probability of neutron-
antineutron oscillation depends essentially only on a few
parameters: &, the neutron-antineutron mixing parameter,

[,, the antineutron annihilation width, and time €.

2
For the optimum observation time [ — 3 (obtained by

differentiation of the formula above), the p?'obabilify is:

Pk g (ri)z
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7/ Crucial parameters of the problem
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Crucial parameters for the analysis of this problem are:

- The probability of neutron and antineutron reflection per
wall collision, p,, and P,

- The difference of phase shifts of the wave function per
wall collision, A@,,;; = ©,, — ©.

They depend on:
- The optical potential for neutrons U,, = V,, + LW ,,, and

- The optical potential for antineutrons U;; = V4 + W ;.
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¥/ i Optimal conditions

In order to optimize the sensitivity of neutron-antineutron
searches and simultaneously to decrease the impact of
theoretical uncertainties, we will use the following limit:

eV, e Vs sl Ws s Wik Vit W Gl
W, < W, with € the energy of transversal neutron
motion. Then, for the probabilities: p,, =1 and 1 —

320 Zkk;—l 1 Fg 3t 3 At Wﬁz
Pn ~ ) with ki; ~ /2mV5; and kj = \/m(zvn)
2k
and for the phase shift: A@,;~ (kn Tt k;—,)

knky
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7/ "Horizontal” guide geometry

Imagine two upstream sections a two-dimensional ballistic
neutron guide (with a cross-section increasing from /i by d

to H by D). Typical cross-sections are /1d ~102 cm2, HD
~10% cm?, respectively. In according with Liouville theorem,

tangential velocity components would decrease from NZUCﬂt

d
To |vhor| < ZvcrltB and |vvert| < \/4'hvcrltg
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7/ An example of copper neutron guide

We will use copper as the material of the neutron guide
walls due to appropriate values of the optical potential
and good accuracy of its theoretical calculations:

Usicu = (220 +1i10) neV . Note, however, that

even a better material can be (probably) found in the
future.
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(4 Characteristic phase-shift times

Aon D JVa Vs
Then, rh;p,’," = : — ~45 s and
[ Vhorl Zx/ehor(\/vn_\/ Vﬁ)

n Vi Ve
Tﬁép;ftl AL [Vyertl nVn ~4.5 ¢
g \/evert (\/Vn_\/ Vﬁ)

Note, however, that a factor ((\/Tn = \/7ﬁ) g 0) can

allow to largely increase these characteristic times by
proper mixing of two isotopes/elements for the guide wall
material if needed.
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7/ Characteristic annihilation times

hor [ Vhorl Wﬁ\/ €hor

~60 s,

n 2|v V.i)318
P i | vertl ( n) "’6 S

'l' ===
vert g W3/ evert
pn . el ek .
Tort iS THE real limitation of this method.

Even in the limit of "“zero” vertical velocities, this
estimation will not significantly change.

You can improve this value by using a “parabolic” neutron
guide.
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/(4 Sensitivity estimations

A 1-year measurement with an installation of an “optimum
length” at a cold neutron beam with PF1B or PIK, or ESS
neutron intensity would bring an improvement of ~10% over
the existing PF1 result.

But, the “optimum length” is ~103[m/s]*6sec*2 ~12km (the
optimum is not sharp, thus the length can be reduced).

- Any project has to optimize the gain/cost ratio.

- One could always start from a “short” version with
already record sensitivity and then update the
experiment.
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Very Cold Neutrons (VCNs): large
effect of gravity -> vertical
extraction (upwards to multiply the
factor of merit by 4 (the height is
somewhere between Jet d'eau de

Geneve (140m) and Samson fountain
in Peterhof (20m))

Two good news:

- "Ideal” neutron guide, NO
effect of annihilation and
dephasing;

- Fluorinated nano-diamond
reflectors.
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[/ § Ralsmg helgh'r velocu‘ry and Time- -of - fllght

529m/s:106s

The raising height
versus the initial
neutron velocity

and the time-of-
flight

37.4m/s ; 7.5 s

For a large-area
dedicated VCN
source, a realistic
R e 26.5 m/s 5.3 s gain factor over
e | the PF1 result is
at J-,_ .r:r:- .:_ ~3*103 i

Om/s ; Os
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/[ Conclusion

- Under certain conditions, anti-neutrons can bounce from
(anti)neutron guide walls, without annihilation and lose of
coherence with neutrons,

- Theoretical calculations of this reflection are sufficiently
precise for planning experiments on neutron-antineutron
oscillations as well as for the reliable interpretation of
experimental results,

- In horizontal geometry, a gain-factor of ~10% over the
PF1 result can be achieved with neutron intensities of
PF1B(ILL), projected(PIK), projected(ESS),

- In vertical geometry at a dedicated VCN source a gain-
factor of ~3*10° over the PF1 result can be achieved.

31.05.18 INSTITUT MAX VON LAUE - PAUL LANGEVIN V.V.Nesvizhevsky



