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Ultracold neutrons
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UCN Sources
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SNS IBR-2 is a pulsed neutron source! il
(USA) (-) Low average flux o paiis

(-) High pulse repetition rate

(+) High neutron peak flux density
N ~10'® n/cm?/s

B - Acting

HEl - Under construction

Is it possible to create the UCN

source at IBR-2 using a peak flux

density instead of an average
flux density?
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The idea of UCN source at a pulsed reactor

UCN trap / T flux densityl in the trap \

Pulsed Valve B 7 N
Pulse duration™ |

Pulse periodT g ! '

- od \ Neutr&ﬁ—r’:ulses /
Thin converter The increasing of the neutron flux in the trap
due to pulsed filling of the trap

O0<E <E,  ~250neV

e S - area of the trap entrance

> - area of the UCN trap surface

- | ST u - probability of UCN lost
The main idea is effective pUIsed g _ST + E”T 1 - bunch duration at the trap
accumulation of UCN in the trap entrance

T - pulse period
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Concept vof tlje UCN source

ﬁonverter - | | [ Decelerator ] reduces the energy of al“
VCN source Biological neutrons by Ed
L] L] ec
shielding

UCN Trap

Neutronguide J |
\ ] L=10-15m ; Pulsed valve j
Before the decelerator: At the decelerator:  After the decelerator:
Edec < En < Edec T Etrap E n —E n_ Edec

The flux of neutrons, which can be trapped
after strong (E, > E tmp) deceleration, has a
pulsed structure

ott=0V/V=0E/2E)=E, /2E,
OELE=0t<L T

T - pulse period, ¢ -flight time, ¢ - variance of the flight time at the trap entrance, °
E - energies of neutrons, which can be trapped after strong deceleration



Decelerator — gradient (adiabatic) spin-flipper

,’ Scheme of the first adiabatic

spin-flipper ‘, — — .
~ Luschikov, Lobashov (1973) A spin flipina coml?lnatlon of stationary and
AB, nonstationary magnetic fields leads to a change
in energy
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o, - angular velocity of Larmor precession at B, field
= 60.31 neV/TI - the magnetic moment of a neutron
vy =1.83*10% rad TI"! sec™! - the gyromagnetic ratio of a neutron



Splinflip probability at adiabatic spin-flippers

Spinflip probability p in dependence of
adiabaticity parameter k

Adiabaticity parameter k: 056 | :+ . é
k=0, /o =~ 1oL |
~ UGB Vo) v 08 . i
p> 0.99, when k >4 06 : I
|
o, - angular velocity of field B in = : i
neutron coordinate system - 1
V - neutron velocity | J
B, - stationary gradient tield 0.0 P —
k

B, - rotating HF field



The design of the flipper-decelerator
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Magnetic fields of the superconducting magnet
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Neutrons in a strong magnetic field

a) Field B, distribution along
Z-axis

b) Neutron velocity evolution in
field B, along z-axis

c) Neutron deceleration time
evolution along z-axis

B, Tl

The full energy change
occurs only over a
small area, but the

velocity change
occurs throughout

c) the entire path inside

600 a0 =200 0 200 a0 the magnetic field

t, ms
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The results of the MC-analysis of the magnetic system*

Bunch depolarisation

<0.1%, o /o,>10*

Flipper efficiency

Spinflip probability > 0.99

*only for useful neutrons! VE€[20.9; 21.2] m/s
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The results of the MC-analysis of the magnetic system*
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*only for useful neutrons! VE€[20.9; 21.2] m/s



The possibility of a pulsed accumulation

ﬁtﬂ ~ 15 ms

atd ' ~ 14 ms ot T=200 ms

ot= 8t, + ot ~30ms ot/T = 1/7 C
ec y
oty 8ty +t,

. . fl d
Biological
shielding

Neutronguide J

Converter -

VCN source UCN Trap

Flipper-
decelerator Flipper-valve ]

ot fly - VCN bunch duration after passing a neutronguide 10 meters long

ot, - VCN bunch duration after passing flipper-decelerator, .
5t - full VCN bunch duration, Pulsed accumulation is

T - pulse period. possible!
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Summary

® A primary design of the superconducting gradient solenoid for a UCN source has been
developed

e |t was shown:

- The flipper efficiency is better than 99 %

- The variance of the deceleration time 5tdec= 14 ms.

- Using flipper-decelerator allows one to implement the idea of effective pulsed
accumulation.
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Additional materials



Neutron density in a spherical UCN trap (liquid H, converter)

valve opening time
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Q 44
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Neutron density depending on the UCN trap
radius

For more effective converter, like solid D,, the neutron density can be increased by 30 times
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oA Polarization evolution in magnetic resonance system

———————————————————————————————————————————————————————————————————————————————

B =B,(z) - gradient static field '
B B () - oscillating time-dependent RF ﬁeld

B ; = - o, /y - fictive field
B, A ’ .B =B, 1 +B - effective field

A

>

B, (=B, [sin(w,t)

Before RF field Beginning of spin-flipping
L g area of RF Ending of RF .
region region After RF region
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Time lens

Work in progress

Converter -
VCN source

A
X

Time lens
position

Neutron bunches

JAVASEDAN

Time lens

Pulsed
valve

Decelerator

UCN
trap

The combination of the time lens
and the decelerator allows to
minimize bunch duration

ot=ot -ot

S

ot £ ot 1o~ Ot

lens

ot __ - flight time dispersion

6tdec- deceleration time dispersion
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MoHTe-Kapno mogenb oBUXeHUS HEUTPOHA B MarHUTHOU Pe30HAHCHOMN CUCTEME

TN AT (0 ST Il R > =t e

Puc.: Cxema o6nactu pacyeta MoHTe- ?CHO'E/IH"'G NOJOXEHNA M;gegﬁ;/. s
Kapno mogenu ) arHMTHOE norne B Mop a

20 4B TH TPeXMepHOM CETKOM C U3BECTHOM
HaMNPSYKEHHOCTbIO MarHUTHOrO MOSSA B
yanax. lLlar ceTku - 1 MmMm.
2) [paguveHT MarHMTHOro nong
onpenensaeTcs BHyTpy MOAEenw.
3) [BwxXeHune ocyLlecTBNAeTCA Yepes
7 AYENKM C NOCTOSAHHbIM rPagNEeHTOM
> MarHWTHOro Mons.
V\/\/\/ \/\ 4) OTpaxeHue OT CTEHOK HeMTPOHOBOAA

-720 MM 80 MM 130 MM 580 MM cYMTaeTcsl 3epKarbHbIM.
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0

CeyeHne HEUTPOHOBOAA 6 CM X 6 CM
[nnHa obnactn 1.3 m

F = V (1,B) - ypasHeHue apmxeruns HeitTpoHa

dp/dt = y[u,B] - ypasHeHue npeueccum cnnHa
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