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Usuallly one makes mirrors as flat as possible.

Flat mirrors are good for reflection of various waves:
photons, phonons.
For some applications the ridged surfaces are better.
Avoid parasite oscillation in high gain lasers.
Ridged mirrors reflect atoms better than a flat surface.
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Usuallly one makes mirrors as flat as possible.
Flat mirrors are good for reflection of various waves:
photons, phonons.

For some applications the ridged surfaces are better.
Avoid parasite oscillation in high gain lasers.
Ridged mirrors reflect atoms better than a flat surface.
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The quantitative prediction of the efficiency of reflection of
waves from a ridged surface is the new idea which is inscribed
into the world science.

The Zeno effect is kitchen where the scaling law for the reflec-
tivity was cooked out. The speculations about Zeno effect bring
no new effects whigh would not follow from the wave equation.
You have no need to follow the sequences of hypothesis, predic-
tions and conclusiond.

You may skip all the words about Zeno effect and consider the
zeno-estimate of the reflectivity as just fit of numerical simula-
tions and experimental data.



Atomic mirrors exist
Unfortunately, flat surfaces are not so good to reflect atoms.
The van der Waals interaction attracts atoms to the surface.
Atoms get accelerated, and hit the surface.
They feel the inhomogeneity of the mirror at the atomic and
molecular scale. This causes the diffused scattering instead of
the specular reflection we need for atomic optics.

The specular reflection of atoms from the flat surfaces is

possible due to the short scale of the van der Waals potential.

mu
Slow atoms: k = ——

h

s
most of atomic mirrors work at incidence angle ~ 5

-
Grazing angle 0 = 5 (incidence angle)
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F.shimizu.

Specular reflection of very slow neon atoms from a solid surface.
— Phys.Rev.A, v.86, No.6, p.987-990
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Giant quantum reflection of neon atoms from a ridged silicon surface.
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Zeno effect. Simple estimate

1
Ridges as detectors.  Absorbing half-space with absorption T

Yy reflected Y reflected
T _wave X _wave
/¢ —~F —kF
— [,
| | |

Py L S T

The Zeno effect is

class of phenomena when a transition is suppressed
by some interaction which allows the interpretation
of the final state in terms of ‘“a transition has not
yet ocurred” or “a transition already ocurred”.

We consider the transition
from the half-space y > (
to the half-space y < 0
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Reflectivity by the continuous detection
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Paraxial propagation

Vi + B0 =0

ky = kcos(0) = k — k0?/2 .k, = —ksin(0) ~ —k0 |
The incident field Vi, (z,y) = exp(ikyx + ikyy)

U = 1p(z, y)e™

2
2’Lk ¢+a =0

Let the distance L between rldges be unit of length.
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Analysis of scattered field:

flg) = r/equEXY)exp( 5;;2) dy
(1 @)
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W=10, X =800, N=4096:

Gm = \/P* +4mm

Ry = | f (g)|*/ W

Trend:
1

B 2 fitlgn) = g 1
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Sin(p) = Rm(m%gm \/\/W+1+f
So(p) = Ro(p) ~ exp(—1.68(14-0.018p*)p £ 2%) , p<3.6

53(p) = X Sim(p) = exp(—1.547(14+0.01p*)p £2%) , p<3.6

m<8






Use of symmetry
F(X+1,Y)=F(X,Y)exp(—ip*/2)

F(X,Y) = Fu(X,Y) = ¥ el (/20X

m = P2, +4mm
Using the Green funciton (Kirhgof integral):
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Y —ik : Y
Residual & = /0 %e‘kmyerfc< 1+ZZ ) T — e_lpyerfc( +p) dY
can be written as O =1t Apnrn — B, — 1 By + C
where Appn = A(k* k)
B, = Ak )

Minimumization of the residual: & =rT Ar—rI B— B r+C

replace r — r+ or

60 = (6r)TAr+rTA ér+ (6r) B — B' §r

60 = (6r)'(Ar — B) + (Ar — B)I(or) — Ar=1B
=A"'B

Each choice of number of terms with positive and negative m gives the esti-
mates of reflectivities |r,,|?.



Zero-order estimate: m=n=>0

Apgo = /OOO erfc(ﬁ :f) erfc(ailf
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1 —2 1412
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We get the 0-th order estiamte
By
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Also, if b=rtAr—r"B—Blr+C=~0
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Zero order estimate

1 2 3 4 5 6 p
\ /- \/ N2
S lo L‘{C(p) ?
1 < xc%% S\ Bi)" 1)
N

< \®®®®§
5 L g
)

%Q%om
MX\£1%M%)

T
dashed: lg of the Zeno-estimate R,(p) = y@
1/pt+1+2

lo( | Bo@)
S\ A0.0(p

Circles: numerical simulations.

black solid: lg of exponential fit exp(—1.68(1+0.018p%)p)



Ry,

(@]

S
2

Pml? s = (A1), Ba; —2<m,n <3

Nk
N\

m&n&%
g
T~

\

"

lg( e—l.68(1—|—0.018p2)p>




%,

A

e

\

;
>
;




Phase of the specular reflection

Atomic holograms:

Can we adjust both the amplitude and the phase of the reflected wave?

Varition dh of height of the ridges — d¢ = 20hsin(0)
The amplitude can be adjusted with distance L between ridges.

L affects also the phase through p= v kL6
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The curves and experimental dots seem to agree.
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The curves and experimental dots seem to agree.

However, the fit of simulations is a bit above.

What is wrong with simulations?
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m | Cy v vV 14 L

amu | 107702 m /sec m/sec nm pm
Ne* | 20 12 0.019 : 0.374 3 40 : 11000 | 10 : 100
He* | 4 8 0.034 : 1.535 | 34 : 126 100 D

The Zeno-estimate can be fitted with exponential

%/1/;9 F141-V2
\/,/1/p T14+1+42

At p < 1, the fit of numerical analysis gives Ry ~ exp(—1.7p)

~ exp(—2.8p)

Some effect gives a factor ~ exp(—1.1p)

Van der Waals potential U = U(xz,y) ~ C,/y?

Can it be responsible for such a factor?



The contribution to the Kirhgoff integral comes from the vicinity of ridges.

Size of this region: S0 — ﬁ

This region generates the reflected wave of intensity Ro(\/ kL 9)

Let y(x) be trajectory. The defasing due to the refraction index becomes strong at

[ UGy e =

g

C
o

C
This gives —: D = hV where D is length the atom passes in vicinity of the ridge.
s

For the estimate, we assume D = (+2s. Then

L+ 25)C, )
S 37



The reflected wave is attenuated proportionally the width s of the ”defased” region,
R(p,¢) = (1= 2) Ro(p)

What about the case s > sy 7 Better, R(p,{) = exp(—j{)) Ry(p)
_L_h
0k mVé

- . 41/4
R(p,{) = exp —@ <(€+h2‘/)0) p| Ro(p)

5 — ((€+2s)c4>1/4 - ((e+o)c4>1/4 o= VELO . k=mV/

S0

hV rV

/L9 1/4
The correction coefficient 4 7;;2/ (( +h‘i)04> ~ (fV)l/4

has values of order of unity; it is just that we were looking for.

Warning: The speculations above is not a rigorous deguction. It is rather a
kitchen which leads to the good fit of experimental data.

The only excuse is the comparizon with experiments.
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The only two sets of data show significant deviation from the estimate
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CONCLUSIONS

Reflection of atoms from ridged surfaces was treated with optical methods.

Ridged surface as a detector: the continuous detection would give

\/\ /1/pA+14+1—/2
\/\ /1/pH 141442
The more detailed description of narrow risges leads to the empiric fit

Ro(p) ~ exp(—1.68(1+0.018p%)p £ 2%) , p<3.6

=VkL0

Correction due to the van der Waals interaction:

R(p, ) = exp —@ ((f +h2‘j) C4>1/4p Ro(p)

The estimates R.(p) and R(p, {) show good agreement with experiments.

The most of formulas of this paper are not specific for atomic waves; the
estimates should work as follows for waves of any other origin (photons,
neutrons, phonons; even oceanic waves at the surface of water). The analysis
suggested can be used in the design of ridged mirrors for warious applications
including atomic optics.
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