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Y/ /4 UCN - ultracold neutrons

Applications of UCN in fundamental particle physics:

*Search for non-zero neutron electric dipole moment,
 Measurement of the neutron lifetime,

 Experiments with the gravitationally bound quantum
states of neutrons,

*Search for non-zero neutron electric charge,
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Y/ /4 UCN - ultracold neutrons

All these experiments are:

-Strongly limited by low UCN density (neutron electric
dipole moment, neutron charge, gravitational states);

-Or, Systematical errors would be easier revealed if higher

neutron density were available (neutron lifetime, neutron
electric dipole moment).
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Y/ /4 UCN - ultracold neutrons

Possible approaches to increase UCN density:

-Solid deuterium neutron converter in vicinity of a cold-
neutron (optimum ~5A) source — inside a reactor or a
spallation source;

-Liquid helium super-thermal source at an external beam
of cold neutron (optimum ~10A);

-Equilibrium cooling of very cold neutrons (optimum
~50A) at ultracold nanoparticles.
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[/ { Nanopar“l'lcles as a possuble moderator for' an UCN source

G.Pignol, K.V.Protasov, V.V.N. - arXiv:nucl-th/0510021 6 Oct 2005

1. Model of free nanoparticles
2. Model of the infinite moderator

3. Realistic moderators
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Y/ / 4 Mohvahons 1) Nanopar"l'lcles a1' sur'face

Systematics for neutron
lifetime measurements ?

VUCN : e

AE ~10""eV

AV ~1Im/s

Puoy ~107°-107°

Level of UCN gas

A.V.Strelkov et al, NIM 440A(3), 695-703 (2000)
D.G.Kartashov et al, Physics of Atomic Nuclei 65(11), 1-4 (2002)
V.V.N., Physics of Atomic Nuclear 65(3), 400-408 (2002)
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Y/ / Motivations: 1) Nanoparhcles at surface

NEUTRONS . ettt
FOR SCIENCE a2 .

V.V.N., Interaction of neutrons with nanoparticles. Physics of
Atomic Nuclear, 2002. 65(3): p. 400-408.

surface surface
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Y/ /4 Motivations: 2) Reac‘l‘or modera‘rors

NEUTRONS - T -

FOR SCIENCE T S - T i

Ultra cold Cold Reactor
nanopartlcles moderators moderators

20nK

1073 Loll L0| o Temperature,K

07 10° 10 N Neutron energy, eV

VUCN j Fission

Quantum states of neutrons in thi

Earth’s aravitational field

10'12
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#4# Nanoparticles as a possuble moder'ator for an UCN source
FOR SCENCE i F :f”b¥ B S——

FOR SCIENCE B e e

Nanoparticles
D,, D,0,0,,C?

d~5nm?

i He /
N
- b"c:o

Neutrons can excite many
degrees of freedom:

- Simple collision with a
single nanoparticle

T <10 mK
« Rotation

* Collective degrees of
freedom (phonons, rotons)

0
Lt He

‘Breaking of inter-
particle bonds

Liuidie
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Y/ / Model of free nanoparticles

MNEUTROMNS = i e Y _ 2 i A

o

165

The collision is elastic in the C.M. frame

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



#44 Cross sec'nons dlffuswn absor'p'rlon ener'gy change

MNEUTROMS 5T Ty
FOR SCIEMCE BRI = e ,ccﬁ fae =T

Tree main quantities can be derived from the scattering amplitude f(06) :

= The diffusion cross-section Os = [ F12dQ = 2r f £(8)* sin(8
= The absorption cross-section Im(f(6=0))= ym

. o (AEYy 4
= The relative mean energy loss per collision §= “E 1 (sin®(6/2))

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



#dd  Model of free nanopar'tlcles and Born approximation
FOR SCENCE PSR e e &8

Calculations at the first order of the Born approximation

. R
Validity : VR® <= —
2m
VR2 B 1 K2 nanoparticle | Dy | D2O | Oy | COo | C (Diamond) | Be
Born ™ 109, Rporn (nm) | 4.5 | 3.7 | 5.4 | 4.5 2.6 2.9

1 9 D
Result : f(0) = —%% [e”k_k "V (r)dr
i B2
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#8¥  Model of fr'ee nanopar'hcles scaﬁermg/absor'phon

v (m/s)
0.1 1 10 100
| elastic 2 nm ssrreeeees
................................................................................................................... absorption 2 nm ------ee
Eob _____________________________________________________________________________________________________________________________________________________
NE ..................................................................................................... / ...... ...........................................
-E—— E-4r Cut-off velocity R
'_.% ................................................................... ch~1"' ..... ey
O ":,
m : »
wn .- ;
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o AL TR
o L T—n
E8 | _____________________________________________________________
I ([ e —— eSO S —— eSO
0.01 0.1 1 10
k (hm™)
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Y/ /4 Dependence on

NEUTRONS — et e =
FOR SCIENCE TSNAEH ﬁ e = '.’—t‘“ ”‘b* -
v (m/s
0.1 1 10 100 (/s)
||||||||u||||||||||||||||||||||||||||||||||||||||||||||||||||||||||r||||||||||||||||||||||||||||||rrru|||||||||rrr.l.wHuun”wlr elastic 1 nm  ——
Mgy , elastic 2 nm 1
Ty, elastic 5 nm
- i/
Cut-off velocity aﬁ@@%ﬁom e
E'2 B kc R ~ 1 absurpﬁbﬂrf nm [(EER LR
absorption Sy e
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHHHIu;"” rfﬂ?g%
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gd§ Ener'gy loss

FOR SCIENCE B AN eSS S TR S . —
v (m/s
0.1 1 10 100 (m/s)
E -2 i T T T T r.r T lr L] T T T T. T '|"|'I T T T T T T T II T T T T T
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i g LT L
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5 E-4rF “u,
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Y/ / 4 Model of The mfml're moder'a'ror'

NEUTRONS ==
FOR SCIENCE Bl 5= SN 5%’

= Realistic model  N(r, v, t)  solution of the (too complicated) Boltzmann equation

« Infinite Moderator  N(E, t)

Cooling current C|(E)

} » [
E

Equation of conservation for the number of neutrons

on  dg
at oF

+ Absorption — Source = 0
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Y/ / 4 Model of the mfml're moder'a'ror'

Conservation equation

on  Jdq
— — —— + Absorption — Source = 0
ot OF b
Neutron flux o(E)=vn(E)= f!%ﬂ-{E:]
Absorption term dN, =X, ¢(E)dE dt
Cooling current q(E) = E{(F) YXs(E) o(E)
£« 1
V///////////{ > E
E E + <AE>
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Y/ / 4 Model of the mfml're moder'a'ror'

MNEUTROMS R - =
FOR SCIEMCE LT~ LT

Conservation equation With flux variable
on g [m d¢o  Og .
- i — = g — — E 1 —
5% BE + Absorption — Source = 0 -v# SE9;  BE + 2. @ = Source

In stationary regime, with a mono-energetic source at energy E,

d

dE. {Hqu{ﬂj -+ .f_..',f,!{ﬂ' — D

Solution:

| | Eo\%"? ¢(E))S,(E Bo %, de
ﬂ-smf'{E:’ :ﬂ'ﬁf‘tef{ED) (fj) ;{(E“]TEE?) exXp (_ / 3y Tt)
/ e - A JE s es
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7§

Efficiency ranges

«@y ?’: : =

100 V(m/s)

2 nm nnnm

NEUTRONS
FOR SCIEMCE
0.1
E4 .
E3
W OE?
T
=
2 Ef
o
=
Eo
E-1|
23.02.06
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7§

NEUTRONS — 4 g s AN
FOR SCIENCE BN SR s> e SR %
D2 s
10000 | ~-D20 unnmn -
[ Q2 i
.E L] ___CO2
c . C unnun
Hﬁ - "’r---- Be mmmn
£ ’o,,
1000 | %,
2,
100
10
1
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Density increase

Maximum increase of
density in the phase
space for different
materials.
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=1

n(k) with n{1)

Y/ /4 Moderator: time versus size

NEUTRONS s e . TR T -
FOR SCIENCE — . SRS aREICRR - — —.W

Two important quantities to consider for a more realistic moderator
1. The Size of the moderator

2. The thermalization time

f,
0.1 1 10 joo v (ms)

Ed

1|-||-||-|—

We can estimate, for AN collisions:

1. The square mean root of the
distance traveled L(k)

2. The mean time it lasted T(k)

- Increase of density by e € decrease of velocity Ak

<= number of collisions AN

L P | i L PR S | M L F— . |

0.01 0.1 1 K {nm'1}

E-1F
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Compression 1'|me for different radius
P ok o -

v (m/s)

7§
MNEUTROMS , -
FOR SCIEMCE ——

100

—
o

0.1
E3 ¢

2Bm mnnn
5 i L

E'lg

ﬁ'{'ﬁ"ﬁﬂw
i
-'-'n'f.'irrm.'r|||”n'l'llIIiJfIIII11.'IIIIIJ.‘u‘IIIIH|I|||||r||||||||||||II.'IIIIIIIIIIIIIIIIIIIII
"ff
f ]
M
N T Rty

Compression time T (s)

—
—
—
=
-
z
-
.

EO E

0.01 0.1 1 P
kK (nm ')

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



Compressuon 'rume for' dlffer'en'r materials
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F 7/ Moder'a’ror' size for dlffer'em‘ nanopar'hcle materials
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#df  Moderator size for dlffer'en'r nanopar’rlcle materials
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V/ /& Op’rlons for r'ealushc moder'a'ror-s

NEUTRONS e S TR gy
FOR SCIENCE Y L Sy “CRERE iy

N 7

T=10 mK \ / T=10 mK

Nanoparticles moderator
t=0 P t=T

There is no theoretical limitations on the increase of density
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Y-/ i Limitations of our onde_I__‘

NEUTRONS TR < N
FOR SCIENCE Ll S e i S

 This model neglects any other degrees of freedom of
nanoparticles in gels - further theoretical work is needed

e Use of the Born approximation - not a problem
 Limitation at high energy - not a problem

e Limitation at low energy - is there a problem ?
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/[ 4 Conclusions

N

)

N
4

 The best nanoparticle material is Deuterium.
e The range of efficient moderation is ~1-100 m/s
Very cold neutrons
 The optimal size of the nanoparticles is about R=2 nm

‘With the thermalisation time of a few seconds and the
moderator size of a few times 10 cm, a principle realization
of the presented cooling mechanism is feasible
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5 Back slides

MNEUTROMS
FOR SCIEMCE
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/(| Back slides

MNEUTROMS
FOR SCIEMCE

rn
o

sigma * xi (nm2)

E-8
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