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Ultracold Neutron (UCN) Definition and Features

Definition: Ek<300neV, v <8m/s or T<3mK
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Applications of UCN
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Applications of UCN

UCN storage experiment
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The flow of UCN soutrce design t SNS
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The reason to improve MCUCN
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Source Distribution in SFHe
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— Simulated Source Spectrum
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The normalized source UCN spectrum at different positions in the transport
system. The red line stands for the formal expression dPsource/dE =< V E. The
green line 1s the UCN spectrum distribution in the UCN converter. The blue
line is the uniform UCN source distribution in MCUCN.



Flow of IMCUCN
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Comparison of MCUCN, iMCUCN, and UCNtransport

Heat exchanger

heouma=1.0m

D=0.36m

SFHe UCN
converter

I' 0.4m Il. l.1lm

UCN extraction guide Foil Detector
& heat removal conduit

|0.2m| 0.3m |

The horizontal near-foil geometry of Lujan center Mark3
UCN transportation system

Input parameters for the MCUCN and iMCUCN

code sourced

Configuration Parameters
Generated UCN number 10000
Detected UCN energy < 335neV(Vssy;)
Cylinder D =0.36m,L = 0.4m
Radius of guide — 2.09m.
UCN Upscattering time (j.i s (1.6K) 7
UCN decay time 880
Vie 18.5 neV
Vss Ni 335 neV
M58 N; 5x 1074
Va 54 neV
AL 5.19 x 107°
Diffuse rate of Al 45%
Vep -8 neV
PP 0
Ascat Of idelized Al and PP Opm
Ascat Of PP 20pm
Thickness of Al and PP 30pm
Length of heat exchanger lm
Loss of foil support grid 90%
4m guide loss to external volume 80%

Di0:10.1063/1.5109879
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Comparison of MCUCN, iMCUCN, and UCNtransport

0.5 (a) 0.5 (d)
g g eewce
£ 00 < 00 e
0.5 0.5
05 00 05 10 15 20 05 00 05 1.0 15 20
y/m y/m
Lo/ (b) 101 (e)
= =)
£0s 205
0.0 0.0
0.5 0.0 0.5 1.0 1.5 2.0 0.5 0.0 015 1.0 1.5 2.0
y/im y/im
1.0+ (c) g 1.0 ()
|
g z
0.0 0.0 z

-10 05 00 05 10 -10 05 00 05 10
x'm x'm

Added Geometry in the code and built the geometry.

Upscattering model in 4He is added in MCUCN successfully .
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Comparison of transmission rates simulated by MCUCN,
iIMCUCN, and UCNtransport

T _MC T_iMC T_UCN

Configuration UCN UCN  trans o
(%) (%) _port(%) "
Baseline: Al foil, Pgiguse = 3%  66.6 34.1 35 2.6
Paifuse = D0% in converter 72.6 421 43 2.1
Paiffuse = 50% in vertical volume 77.6  43.8 45 2.7
Switch foil from Al to ideal PP 85.5 49.3 53 7.0
Add PP elastic scattering 83.5 35.6 36 1.1
Add PP foil support grid loss 77.0 32.0 32 0.0
Add 4 m guide to external volume 61.6 25.6 26 1.5

heolumn T_MCUCN T_iMCUCN  T_UCN D

(m) (%) (%) transport(%) (%)

0.2 70.3 32.0 31.0 3.2

0.4 76.2 34.0 329 3.3

0.6 79.4 353 34.3 29

0.8 83.5 35.7 35.5 0.6

1.0 85.5 359 36.3 1.1

1.2 86.6 36.4 37.0 1.1
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Comparison of MCUCN, iMCUCN, and experimental results ( ‘1 __SNS

Configuration Parameters - e -
Converter  100cmx7cmx7cm 9993 E
Radius of guide 0.0115m
Sautier Ve 185neV 5
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1BeO 1.35 x 107> %
VEe 2520neV. 2 ] aped _
detector NBe 5x 1076 S :
Vstainloss 183.0 neV f f
o Nstainloss— — — —9:3 X 107° 10+ g
Cold Converter -~ Open shutter at 804 § ~ - & S A N
Neutron ~ Close shutter at 937 s 2! 0 100 200 800 900
————————— Time (s)
The geometry of SUNI Input parameters for the SUNI SUNI1 experimental results at detector.

experiment utilized in the simulation

Phys.605 Rev. C, 90:015501, Jul 2014.



Comparison of MCUCN, iMCUCN, and experimental results
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UCN number in the converter

N(t) = p(t)V = VPr (1 :r*) Nuat = VPT

UCN count rate at the detector

C(t) = N(t)—L-T

Tleakage

T : the transmission rate

1 Sgapv
Tleakage 4V

C(t) o N(t) o p(t)

Before opening shutter, Sgap is the gap between the shutter and guide;
After opening shutter, Sgap=Sguide

_____
——— ~

- + +‘r L +7t )

/ :/‘—LP a J;rl_ TWdll Tﬁ %dkige TlIT.lpEI‘ltle
_l_

67s 1270s  315s 278s 8808 1615

Phys.605 Rev. C, 90:015501, Jul 2014.
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Comparison of MCUCN, iMCUCN, and experimental results
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Buildup stage The two decay time constants under different conditions
C(t) — A (]_ — C_#ﬂ_;i_n) dguide (L}f]) d{:nrwerter(%) T1(8) T2(8) s
0.5 5.0 12.5 27.5 0.04
1.0 5.0 10.8 22.6 0.14
Extraction stage 1.5 5.0 12.8 27.9 0.03
N N 2.0 5.0 13.7 32.2 0.01
C(t) =Be 7= +Ce = 2.5 5.0 11.6 21.7 0.14
3.0 5.0 12.9 239 0.09
The least square method : 2.0 10.0 14.7 47.0 0.16
T1 2 T 2 2.0 20.0 13.3 33.1 0.00
s= 11— : + (1 : 2.0 30.0 13.4 28.9 0.02
71 (experiment) T (experiment)
The final time constant
dguide(%) dconverter(%) T T, () T, () S
SUN1 - - 6713 131 341 -
iIMCUCN 2.0 20.0 79.8 13.1 28.4 0.03




Comparison of MCUCN, iMCUCN, and experimental results ( S NS
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f 5 f,lucﬁtN The discrepancy ranging from 840 s to 937 s between SUN1
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-
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To simplify the simulation, we assume that the losses caused ~ © be conducted.

by impurities and leakage are energy-dependent and adhere
to the same regulation framework as wall loss



Compatison of MCUCN, iMCUCN, and experimental results t SNS
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simulated by iMCUCN and MCUCN.



Conclusion ( ‘ ._ S NS

1. To enhance the MCUCN code, we performed several modifications, including:

1) The incorporation of an 4He upscattering physical model.

2) The inclusion of a 3He absorption model.

3) The introduction of an impurities model.

4) Improvements to the source energy distribution in SFHe and geometric description.
5) The addition of transmission capabilities for materials with negative optical potential.
6) Development of visualization tools for simulating intermediate states and results.

2. Outline the physical models and flow of the IMCUCN code.

3. Compare the results simulated by MCUCN, iMCUCN, and UCNtransport based on Lujan Center Mark3 UCN
transportation system.

4. Compare the results of MCUCN and iMCUCN with experimental data based on SUN1 UCN source.

Consequently, IMCUCN is deemed valid and promising for UCN storage and transportation simulations in He II.
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The question I want to discuss

(1) The UCN experiment demand for the UCN source.

(2) Could we build one UCN source which fits for all the experiments?

Thank you for your attention!
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