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Schrodingerovy viny — Ryasiklasickd aproximace

Fresnelova aproximace fys. optiky ...
obvykly zpusob interpretace experimentu
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“ Neutronovd interferencni aparatura
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“ Interferencni gravimetrie “

Zpravidla se vliv gravitace v kvantové mechanice zanedbava, jsou to malé sily.
Kolik tak Cini gravitaCni potencial neutronu v poli Zemské tize?

V(x,y,2) =—mg(z—zy)=-1.7%x107" x10x0.1/1.6x107"° =107° eV

S timto vysledkem muzZeme trajektorie vzit jako bez ucinku gravitacniho pole

............. Fazovy rozdil AQ =AS/h

R\ AP = k{j o =[, -], }ds )

rusi se
navzajem
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“ Interferencni gravimetrie “

Zpravidla se vliv gravitace v kvantové mechanice zanedbava, jsou to malé sily.
Kolik tak Cini gravitaCni potencial neutronu v poli Zemské tize?

V(x,y,2) =—mg(z—zy)=-1.7%x107" x10x0.1/1.6x107"° =107° eV

S timto vysledkem muzeme trajektorie vzit jako bez u€inku gravitaéniho pole

wl Fazovy rozdil AQ =AS/h

xu HP&Wi\a\ AD = ko{ IA +IB —IC —jD}dS [ (7 (s))

rusi se
navzajem
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Interferencni gravimetrie: jeden z pronich vysledRil
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COW experiment ... Collela, Overhauser, Werner




Sifeni neutrond v nemagnetickych latkdch




“ Interakce neutronii s hmotou “

bodové kontaktni interakce

neutron .
jadro
— e o
R, =0.7 fm
R(A)01.54° fm A=0.1nm>>R

R<R(100)0 7fm

experiment potvrzuje Cisté isotropni rozptyl (stejny ve vsech smérech). To je
signatura kratkodosahoveho rozptyloveho potencialu

FERMIHO _ 270’ {\ rozptylova délka
PSEUDOPOTENCIAL V' (r)=——[bId(r) @y

perimentu

Konstanty jsou nastaveny tak, ze jiz v Bornove aproximaci

0. =47b* celkovy u&inny prifez
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Interakce neutronii s hmotou “

—> . geometricky stin *

bodové kontaktni interakce

neutron .
jadro
R, =0.7 fm
R(A)1.54° fm A=0.1nm>>R

experiment potvrzuje Cisté isotropni rozptyl (stejny ve vsech smérech). To je
signatura kratkodosahoveho rozptyloveho potencialu

FERMIHO _27112 {\ rozptylova délka
PSEUDOPOTENCIAL V' (r)=——[bId(r) @y

perimentu

Konstanty jsou nastaveny tak, ze

0. =47b* celkovy u&inny prifez

geometricky prurez

R+R - 2b
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URdzka parametrii: tabulka ucinnych prifezi

Element

Actinium
Aluminum

Bismuth
Boron

Symbol

Ac
13A127

Bi
5B
B10
B11

Cd

80
8016
8017

143i
148i28
148i29
148i30
145i31

barn [stodola] = 1028 m?

Oy T
[barn] [barn]

capture hydrogen

0.23

05 =02
55

0.000,27
0.000,178

0.16
0.17
0.28
D107
0.48

Ou
[barn]

alpha

3837

0235

a,
[barn]

absorption

915
0.23

0.033
759

0.0055

2450

0.000,27
0,000,178
0.235

0.16

g.
[barn]

scattering

1.49

3.6
223
39

5.6

3.7

n

22

O

fission

[barn]

O:
[barn]

total

1.72

Density
[gm/cm3]

2.699

9.8
2.3

8.65

14x10-8

233

bézné hodnoty

elasticky rozptyl

pro
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URdzka parametrii: tabulka ucinnych prifezi “

Element

Actinium
Aluminum

Bismuth
Boron

Symbol

Ac
13A127

Bi
5B
B10
B11

Cd

80
8016
8017

143i
148i28
148i29
148i30
145i31

barn [stodola] = 1028 m?

Oy T
[barn] [barn]

capture hydrogen

0.23

05 =02
55

0.000,27
0.000,178

0.16
0.17
0.28
D107
0.48

Ou
[barn]

alpha

a,
[barn]

absorption

915
0.23

0.033
759

0.0055

0.000,27
0,000,178
0.235

0.16

a: L+ 5 L+ 1% Den«gity
[barn] | [barn] [barn] [gm/cm3]
scattering | fission total
1.49 1.72 2 699
9.8
3.6 2.3
223
39
56 8.65
376 1.4x10-8
2.2 24 2.33

bézné hodnoty
pro
elasticky rozptyl
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URdzka parametrii: tabulka ucinnych prifezi

Element

Actinium
Aluminum

Bismuth
Boron

barn [stodola] = 1028 m?

Symb-:}l U'I" O Oy d.
[barn] [barn] [barn] [barn]
capture hydrogen alpha absorption

Ac 515
13A127 023 023
Bi
5B
B10
B11
Cd
80 0.000.27 0.000 27

bor absorbuje
neutrony a emituje
a Castici; slouzi k
detekci neutronu

i kadmium absorbuje

neutrony a slouzi

.16 k fizeni reaktoru

)17
).28

148i30
145i31

D107
0.48

g
[barn]

scattering

1.49

3.76

22

O O: Density
[barn] [barn] [gm/cm3]
fission total

1.72 2.6499
98
2.3
8.65
1.4x10-3
24 2.33

elasticky rozptyl

bézné hodnoty
pro
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Periodicky systém prokii a jejich izotopil

Q = N W

Li
B. 941
LITH I

He
4.002607

HELI LM

H
1.0079

HYDROGEH

0

i) ca
12.011 2.0E-F1%| 177 ms
CARBON
B
B7 B8
10.811 AE-37 2| 770 ms
BOROM
Ba
Bab Ha7
2.012162 B.OC-21 v | 55.78 d
HERYLLILIW

e i
L L e e

ey G4 G5 Gig

4 5730 a 245 = .75 =

B15 B14 B15

174 ms| 14 msa 9 ms

Ball Bal2 Hald

15.8 5 24 s 4 ms

g Li11
17 ms &7 me 1
Hed Ha9
SE=21 3| 119 ms YERY
SHORT
A-Z -
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Absorpéni pritez piirozeného boru — odhad

& oo ca C10 c15 Ci6
6 12,011 2.0E-71s| 177 ms | 19.5 = 245 £ | 0.75 &
CARBOM
mEE'm 87 B8 B B13 B4 B1S
z 5 : 4E-32 3| 770 ms | BE—19 0.20 ms|1/4 ms| 14 ms | & ms
BOROH
5 Bf'_jl i Hab Ba7 Ball Bal1? Hald
4 . 5.00-21 3| 55.28 d 13.8 5 | 24 ms A ms
HERYLLILIN
L LIS s L1
3 B.941 ~3E-23 3 1/7 ms E7 mz 10
LITHIUM
P Hed Hed Heg
2 . 0.0007138 | 9.995862 | 7.6C—22 a | BO/ ma |3E—21 5| 119 ms | VERY
e Lk Srer
1 1.0079 6
HYDRQGEH
0 3 4 A-Z -

0,1 0x0.801+3837%0.199 =763
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“ BF, deteRtor neutronii “

reakce “B+n - [Li+a

naboj 2e
normalni detekce

6.500"

. sl . i ==
i i Lo e RO Y I PR ,
— Technologies
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Opticky potencidl neutronU
v nemagnetickych latkach




“ Opticky potencidl neutronii v PL “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 7h* _2mh -

V(r)= b D(r-r) -V, = (b (N« | hustota
m J‘K atomu
Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu polohy
potencialni energie jednotlivych
OPTICKY POTENCIAL atomu
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“ Opticky potencidl neutronii v PL

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 7h* _2mh -

V(r)= b D(r-r) -V, = (b (N« | hustota
m J‘K atomu
Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu polohy
potencialni energie jednotlivych
OPTICKY POTENCIAL atomu

Q(r)
=L [ &7 X2 b,5(r 1)
_QQ(F) ¢ m




Ke vzniku oznaceni "opticky potencidl”
/4 p

B*L k x i
e BAARMARAAPA Y S RAARARANAN
VAT RTRIRVRTATA VR EAY ARV AN RTATRTRTRTRIRVATATAY
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Ke vzniku oznaceni "opticky potencidl”
/4 p

Multiple scattering

of waves
in sample
1] il
Incident wave front T T Qutgoing wave front
A L x K k
e BAARAAAAAAS S A AAAAAAAAAD

IR R SRV AR VALY ATA TRV VR TATRTRTAYAT
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Ke vzniku oznaceni "opticky potencidl”
/4 p

PODMINKA
Al all b ~ sekundarni ?e@@oe
&
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1
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“ Opticky potencidl neutronii v PL “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stfedni hodnotu potencialni energie

E = ﬁkz = ﬁ [L
index lomu nr)y=1-V,,, (I’)/2E4/ 2m " 2m A,

n(ry=1-A,xb [N/2m
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“ Opticky potencidl neutronii v PL “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu potencialni energie h2 hz 1
— 2

E=—1Fky =—I[—=
index lomu n(r)zl—VopT(r)/2E4/ 2m " 2m A,

n(ry=1-A>xb[N/2m
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Interferometrické méreni rozptylovych délek




“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stfedni hodnotu potencialni energie

E = ﬁ/ﬁ = ﬁ [L
index lomu nr)y=1-V,,, (I’)/2E4/ 2m " 2m A,

n(ry=1-A,xb [N/2m
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“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu potencialni energie

E = ﬁ/ﬁ = ﬁ [L
index lomu nr)y=1-V,,, (I")/2E4/ 2m " 2m A,

n(ry=1-A,xb [N/2m

Interferenénim méfenim indexu lomu najdeme rozptylovou délku b !!!

30




“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu potencialni energie

E = ﬁ/ﬁ = ﬁ [L
index lomu nr)y=1-V,,, (I’)/2E4/ 2m " 2m A,

~1—-\2 % h
makroskopickym n(r) =1 )\O xbLN/2m mikroskopickou
Interferenénim|méfenim indexu lomu najdeme rozptylovou|délku b !!!
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“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stfedni hodnotu potencialni energie

E = ﬁkz = ﬁ [L
index lomu n(r)=1-",, (I’)/2E4/ 2m 0 2m )\20

~1—-\2 % h
makroskopickym n(r) =1 )\O xbLN/2m mikroskopickou
Interferenénim|méfenim indexu lomu najdeme rozptylovou|délku b !!!

;& Al phase shilter
Q=baam
Collimation
X H=bram
. Ly
Roschdestwenski fl 3
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“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

2 2
271 b B(r-r) -V, = 2T 5 N

m m

V(r)=

Dlouhovinné neutrony vnimaji prostorovou stfedni hodnotu potencialni energie

E = ﬁkz = ﬁ [L
index lomu nr)y=1-V,,, (I")/2E4/ 2m " 2m A,

~1—-\2 % h
makroskopickym n(r) =1 )\O xbLN/2m mikroskopickou
Interferenénim|méfenim indexu lomu najdeme rozptylovou|délku b !!!

Al phase shilter

s

D=baam

Collimation

H=baram

70 mm L 33




“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie

27Th* 27h* —
Xb D(r-r) -V, = b [N

m m

Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu potencialni energie

V(r)=

E = ﬁ/ﬁ = ﬁ [L
index lomu nr)y=1-V,,, (I’)/2E4/ 2m " 2m A,

~1—-\2 % h
makroskopickym n(r) =1 )\O xbLN/2m mikroskopickou
Interferen€nim

méfenim indexu lomu najdeme rozptylovou|délku b !!!

PRVNiI MERENI TOHOTO TYPU

L]
3

Zasouvanim
klinu z hliniku
narusta drahovy
rozdil

Lt
-

deviated — beam (H)

forward — beam (O)

—= intensity = 103 /4 min

0 0 400 600 800
— ADy (um)
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“ Opticky potencidl neutronii v PL: interferometrické méreni “

celkova potencialni energie ve vzorku — efektivni konstantni pot. energie
27Th* 27h* —

Xb,B(r-r) -V, ==——IbhN
m m
Dlouhovinné neutrony vnimaji prostorovou stredni hodnotu potencialni energie

V(r)=

E = ﬁ/ﬁ = ﬁ [L
index lomu nr)y=1-V,,, (I’)/2E4/ 2m " 2m A,

~1—-\2 % h
makroskopickym n(r) =1 )\O xbLN/2m mikroskopickou
Interferen€nim

méfenim indexu lomu najdeme rozptylovou|délku b !!!

PRVNiI MERENI TOHOTO TYPU

L]
3

Zasouvanim
klinu z hliniku
narusta drahovy
rozdil

deviated — beam (H) i I p—

forward — beam (O)
o o o'/ % ®e ./_
] * ..  * ) .c. §

Lt
-

—= intensity = 103 /4 min

0 0 400 600 800
— ADy (um)
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‘Ukdzka skutecnych hodnot

0.k

2.2 Neutron optics

=1

Material

Ni
Si0; (quartz-glass)
Ti
V
Al

N b Vop (1 —n)
(nm~3)  (fm) (107 7eV) x1072
91.3 10.3 2.449 1.49
22.0 15.75 0.902 0.55
56.7 -3.4358  -0.508 -0.310
72.2 -0.3824 -0.072 -0.044
60.3 3.449 0.541 0.330

Table 2.2.: Neutron optical data for selected materials calculated for A = 10 nm. Source:

Koester et al. (1991).
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“ ‘Ukdzka skutecnych hodnot

2.2 Neutron optics

=1

Material N b Vop (1 —n)
(nm~3)  (fm) (107 7eV) x1072
Ni 91.3 10.3 2.449 1.49
S10; (quartz-glass| 22.0 15.75 0.902 0.55
Ti 56.7T -3.438  -0.508 -0.310
V 72.2 -0.3824 -0.072 -0.044
Al 60.3 3.449  0.541 0.330

Table 2.2.: Neutron optical data for selected materials calculated for A = 10 nm. Source:

Koester et al. (1991).

0.k

-

UKAZKA VYPOCTU PRO HLINIK

hustota P =2699 kg/m3 relativni atomova hmotnost A4 = 27

Vopr = [3.449x107"° x6.02%x10°° /1.602x107"" =5.41x107° eV

=

N =1000N , x% =1000x6.02x10> x2699/27 =6.02%10*° m™ = 60.2fm™
_2%3.14...%(1.055x107%)?

1.66x107%7 x1.00866

1-n=(10%107")*%x3.449x107° x6.02x10"/2/3.14...=3.30%10° 0.k

0.k

~

o0.K.

/
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“ Moderni presné méreni (N1ST)

Vylouc€eni justacnich
(geometrickych) chyb

iiiiiiiiiiiiiiii

 pfesouvani vzorku mezi obéma cestami

 nataceni po krocich ve sklonu a v azimutu
Phase rotator

flag

detectors

-

Fig. 1. Topview of neutron interferometer
experimental setup to measure scattering
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“ Vyloucent geometrickych chyb

Sample Til

Sample Rotation
(a) 1 T | T T T 1 | 1 II] 1 1 | T T T T I 1 1 1 1 | 1 1 (h) rrri | LI | rrri | LI | rrri | TeLri | rrri | rrri
H—."u::-I —."u::-: x
w2 T .
E —
E 2901 . E
g9 = 1.065( 10 wa T i
1._13-?'[ ||I||||I||||I||||= I |::| "”I'“'I"”I""I""I'r"l""lll"
-1 0 I 2 3 =3 2 1 ] 1 2 3 4 5
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“ Moderni presné méreni (N1ST) “

Moderni pfesné méreni
v NIST

udaje pro kifemik

= 4.1507(2) fm

new

b = 4.1490(10) fm

accepted

Uncertainty level is at 0.005%,
an improvement of a factor of 5
over previous best measurement
[C.G. Shull and J.A. Oberteuffer,
Phys. Rev. Lett. 29, 867 (1972);
also C.G. Shull,
Phys. Rev. Lett. 21, 1585 (1968)].
Sources of uncertainty:
1.Variations in the thickness D
amounting to 0.005 %.
2.Statistical 0.001 %.
3.Alignment 0.0002 %.

4.Density 0.0001 %. 7

Phase rotator

flag

Fig. 1. Topview of neutron interferometer
experimental setup to measure scattering
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The end




