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Plan of the talk

Quantum motion in the gravitational field of Earth

Principles of observation of neutron states- how to do it
better.

Neutrons in the wave-guide with ABSORPTION

a) Flat absorpber b) Rough absorber

Beyond gravitational states — what can we know?



Neutron quantum motion in the
Earth gravitational field

e Nesvizhevsky V.V. et. al. Nature 415, 297
(2002)

e Nesvizhevsky V.V. et. al. Phys. Rev. D67
102002 (2003)



QUEUmMESiLESHIRt ErdeViieieeEl
flafe) ef =elrif)
e 2 2 E, 10 eV
J |:_ ZhM ?4_ Mgz _gn:|¢n(z) — 0
1¢,(0)=0 ¢,(0) =0
. @,(2 >
(Dn (Z) - CnAI(Z / IO - /ln) ij;
1..43 |
A| (_ﬂ’n) — O 1372 23.99 32.41 Z, um

2 2 2
&, =AE &=3 Mg =0.61 10*%eV |, = 3 h — =5.87 10°m
2 2M g



Q
(D
Q)

v

4 (h—h,)¥?
I:)tun i exp(_g( |3/Cg|) j
0

0 h<h,

T=4
@ eXp

3/2
IO

| O €X

ﬂ(h—hc.)”j h>h,

M

arirnent

E, 10 %eV

1.43

32.41

_N
|v
=



(0 h<h,

“ex

|dea of experiment

Dream

ﬂ (h - hcI )3/2

3/2
I0

j h>h,




Results

‘v
G
p—
®
pra
c
=3
o)
Q

15
Slit size, pm




Theoretical problems:

> The neutron absorption mechanism

> How to achieve the best resolution of
guantum states

> Roughness - its role

> What can we extract from the experiment



Flat Absorber
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Absorption=Non-self-adjoint Hamiltonian




Transition through the wave-guide
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Short-range absorber

U(z)=—-IW(H-2) ;W(H)U & ;UH-2)>0whenH -z p
pUl

Scattering length approximation works precisely.
Only one parameter of absorber is needed, namely complex scattering length 2
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Complex potential

1

V(z,H)-iW(z,H) = (\/0 _ iWo) Independent on the depth!
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How to see them better?
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Good absorber = rough absorber

e Averaged potential
e Non-specula reflections
e Better resolution?



Time-dependent model of
neutron absorption

e Horizontal motion is classical=time dependence

e Rough edges scattering = time dependent
variation of wall position (boundary condition)

e Fast transversal neutrons are promptly absorbed
e [ne problem of neutron passage tnrougn
the slit
The proolem of lonization of pariicle In tne
well witn viorating weall.



Oscillating wall
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Coupling between states
(non-specula reflections)

o(z, H):C(H)[Ai(z/IO—ﬂ(H))—SBi(z/IO—/I(H))]
{¢(2=O,H):O p(z=H,H)=0

Equation for the eigenvalues:

Ai(H /1,-A(H))Bi(—-A(H)) = Ai(-A(H))Bi(H /1, - A(H))

<(Pk ?Ifln >:analytical expression in terms of Ai and Bi
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2-state model

Roughness mixes the gravitational state with excited quasistationary state
e 00\ o
C,(t) = amcos(awt)( ¢, T exp(—ia,t)C, (t)
] w,=¢&—1'/2-¢

. 0 .
C, (t) = —awcos(mt) <¢2 a—(:ll> exp(io,t)C, (t)E_iF /2




FoLlgrl sufrfeica 2lgsorgtor)




2 fpleele]

)

=)

- )

¢p)
e\

N
)

LLE

2

—

32

30

28

26

24

22

20

18

16

14

12

10



Resolution limits
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Addftioriel forces
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Some conclusions

e Beautiful and transparent physics

e Interesting tool for studying rich physics of
neutron surface interactions

e “Easy” and elegant way to measure the
gravitational force acting on neutron and
check Quantum Equivalence Principle



THANKS FOR YOUR
ATTENTION!
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