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2H + 3H —> 4He + n (14.3 MeV)
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FIG. 3. Time-of-flight spectrum (pulse-shape gated) in the

neutron detector for the *H(d,n) reaction. The peak at about
channel 520 is due to 14 MeV neutrons.
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Fig. 11. Neutron energy spectrum for the 'Li(p, n)’Be reaction at
295 MeV and 0°. See text for detail.

H. Sakai et al.,
Nucl. Instr. Meth. A 369 (1996) 120-134
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FIG. 8. Zero-momentum-transfer cross sections (c.m.) ob-
tained from Gaussian fits to the experimental cross-section dis-
tributions. The solid circles correspond to normalization based
upon a constant value for I, [Eq. (5)]. The open squares corre-
spond to normalization based upon the parametrization of Eq.
(1). The dotted line corresponds to a constant c.m. cross section
09=27.01£0.8 mb/sr. The dashed lines represent the one stan-
dard deviation limits.

T.N. Taddeucci et al.,
Phys. Rev. C 41 (1990) 2548-2555



NEUTRONS AT 0°
FROM 83.7 MeV
DEUTERONS ON Be

Y Measurement
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FIG. 3. The measured energy spectrum of neutrons
emitted at 0° from 83.7 MeV deuteron bombardment of
a 2.2 cm thick beryllium target and that calculated from
the Serber (Ref. 11) model for deuteron stripping.
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High power proton accelerators

Institute

Main
Accelerator

Ep
(MeV)

Power (MW)
Design (Upgrade)

TRIUMF

Cyclotron

500

0.02

PSI

Cyclotron

590

1.30 (2.00)

LAMPF

Linac

800

0.80

SIS

Synchrotron

S10]0)

0.80

J-PARC

Synchrotron

3,000

1.00

SNS

Linac

1,000

1.00 (2.00)

ESS

Linac

2,500

5.00

CSNS

Synchrotron

1,600

0.10 (0.50)
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Spallation Neutron Source, ORNL

Front-End Building

Klystron Building

- Linac Tunnel .
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Spallation Neutron Source (SNS




Neutron yield and power

* Accelerator

Energy ~ a few to a few 10s MeV
Number of thermal neutrons after moderation

20 ~ 30 / a 1GeV proton
— one thermal neutrons / 30 ~ 50 MeV

« Reactor
Energy ~ several MeV
Number of thermal neutrons after moderation
~ 1 /270 MeV worth fission energy

Equivalent flux / power :A/IR=6~9




Development of Research Neutron Sources
"Top of the line"
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UCN at ILL (Grenoble)

Gravity &
Turbine

Nickel guide

(R=13m,p<10"> mbar
7x7 cm?

L =13 m) \

-
-

H,0
Beam shutter

He barrier — =Y

Nickel guide _ o
(0.15 mm tube
7 cm diam,
L=5m)

7
D, cold source

with gravity

UCN source area
(5 exit ports)

VCN exit
port

Turbine
(690 nickel blades)




Higher Density UCN Sources

Use non-equilibrium system
1. Superfluid “He

(T<1K)

11K incident n
produces roton
becomes UCN

Elementary Excitations
in Liquid Helium

Energy (e/k; in K)

2. Solid deuterium (SD2)

Thermal excitations 10 20
Momentum Q (nm™)
due to

phonons (massless)
Cooling: phonon
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Los Alamos Neutron Science Center
LANSCE




Schematic of prototype SD, source

58Nj coated stainless guidé\ Flapper valve

Liquid N,

Be reflector\

LHe __

Solid D,— | :‘E

77 K poly —

UCN Detector

Tungsten Target

(LANL/Caltech/ILL/Kyoto/Princeton/VaTech/NCState
collaboration)




UCN production by He-lI

exp.
bottle

neutron temperature

UCN

UCN ™.
ImK

phonon

> o
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o o thermal
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o neutron evaporation
from
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UCN production rate P qy

In our He-ll
Pucn = (2-4)%10° @ /cm?/s,
=0.37 - 0.73 x 104 UCN/cm?3/s
Phys. Lett. A 301(2002)462
20 kW p

In Los Alamos sD,
Pucy = 4.4 X 10* UCN/cm3/s
Phys. Lett. B 593(2004)55
76 kW

In PSI sD,
Pucn = 2.9 X 10° UCN/cm?/s
Phys. Rev. C 71(2005)054601
1.2 MW




Storage time T,

He-ll [Golub et al. (1983)]
phonon up-scattering, 1/, oc T’
T,n= 600 s at 0.8 K

13 = 886 s (B decay)

1, = 300 s (wall loss)

ts = 1{1t + /g + 1/7,}=150 s

-
o

¥
%
o
=
»
-
.
.
8
g

sD, [Phys. Rev. C 71(2005)054601]
G =40ms at 8K
Tortho-para = 100 ms

=150 ms

=24 ms

o
—

diluted in vacuum

1. = 1.6 s, 0.24—9.6L Los Alamos
1,=6s, 27L—2m3PSI




World’s new (super-thermal) UCN sources

cold neutrons @ UCN @

cold n KX v M, NIM 440(2000)
source

UCN source ©..
wva e "

Production rate large
Lifetime short

Extraction rate small







Present He-ll spallation .
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Delay mode with a 200 nA proton beam
With the annular disk, April 2008
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E reversal




Spherical
coil N
Ho=0.16G

Permalloy

2mG —

Silica guide
V=90 neV -

80

i—)
Silica cell

85 110 80
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Ramsey
resonance

eolahiz

UCN detector
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UCN
valve

170 neV max
Vi + uH
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— 90 neV
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Relaxation of UCN Polarization in the
Ramsey Cell

120 Silica + DLC
100
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UCN Polarization (%)
o (=]
o o

20
0
0 50 100 150 200 250
Time (s) _ ,_ !
Py =89.1(1.2) % - & EDM 'c"éu

+13OO




30 s Ramsey fringe E 30s

_ _ ' s
t=30s =033
200 ;

2 §

~ :

= 160 ﬂ f

- Y | :

= .

E H | 14} | ﬂ | | ml

= W“

8 w W

i { |

Radl LRI

£ :

= 120

8 I :

Z 40 I E 80 ! ‘ |

g H0=20mG\ o
0 1 1 ll 1 1 1 l - .I '
57.3 379 57.7 57.9 58.1 58.3 58.5 58.7 58.9

Frequency (Hz) 1/30 Hz



REPDFHUCNIR

Compensation coil 3900 <3900
He-II cryostat
EDM |
H.V. 1450
o Isopure *He <3He
Pezr(l}nagoy
S S 11l W
900 1 GM cryostat
T H, 9\\ Sph]e(;'ica(l;r pil | Actuater 2 Y
‘ \‘(,/’ m
N ) _ ; UCN source
2] [52[H) Silicaldell ¥
LRl Ve=90h¢Y . 500 500 1000 500
=] mﬁ)oor )
@ Tt valve - o . GM cryostat
8 ! 2 - - :
I = O =
1st stage
704 —— 1K [——pam
t
SCIM o Level mefer
— Be-Cu UCN| o polarizer 5L, evacuatipn
% 89 DL\C valve gDLC ol Be pot | || Nifoil p: £00
i~ : el M
=1BVe: % =i S A — ' 7= o He-ll g
R()tal'}.’fdfq ) .1. o ] | i i Kee) =
valve “/ BeO | 120{ E 'E!PWWN
Spin £ ” = L. UCN| ‘Hete
flipper pDL¢ V=210 ne \ aking A1ve exthanger
% : o eater 200
| oY \ 600 400 Concret
UCN %‘——J 2000 thermal contraction
detector .
! I I




Proton accelerator facility @ PSI

lon source
870 KeV

Ring cyclotron: 600 MeV, 2.2 mA —»1.3 MW




UCN storage volume,
2.5 m high, ~2 m3 ——

3.5 m3 D,0 moderator,

thermal neutrons,
t=oms,[=10m

1.3 MW p beam
600 MeV, 2.2 mA

PSI UCN source

neutron guides

superthermal UCN converter
~30dm3, sD, @ 5K

Lead spallation target,
10 neutrons per proton



Dilution Refrigerator
(DR: 1 of 2)

DR LHe Volume
450 Liters

Sample Preparation
(3He Injection)
Volume

Injection Volume
cos-0 Magnet

HV Generator

BO cos-6 Magnet &

UCN at SNS

4 Layer umetal Shield Cap

He Purifier Assembly T
3He Polarized Source Upper
Cryostat

Central LHe Volume
(1000 liters)

Re-entrant Insert for
Cold Neutron Guide

Lower
Cryostat

}

Ferromagnetic Shield Assembly
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Thank you for your attention




Comparison with
the theoretical prediction

Production rate of present exp.
4 UCN/cm?3/s (E. =210 neV)
5.2 UCN/cm?®/s (E.: 210—250 neV)
< 0.9 UCN/cm?3/s at ILL 250neV Phys. Lett. A 308(2003)67

Production rate predicted
4 - 8 UCN/cm3/s at 400W, 250neV
(1/8) % (2 -4)x 109 ®_/cm3/s, ® (T, = 80 K)
[(2-4)%x10° @, /cm3/s, O (T, =20K)]
®, = 1.5x 109 (n/cm?/s)
by MCNPX Monte Carlo




UCN source improvement

Date

He-Il film

2002

SHe, H
ontamination

June 2006

Suppress He-ll
film flow

November2
0]0]¢}

July 2007

39 s

April 2008

47 s

July 2009

45 s
(75 s¥)

Normal 4He

Normal 4He

Remove
Hydrogen

W Pure “He

Remove

\\ Pure 4He

Fomblin

Hydrogen

N, FPure ‘He

Alkali degreasing

(* Experiment cell)
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Cooling power for a 100 times
higher UCN production

7.5 W v heating in the horizontal He-llI (Experiment)
4.5 W y heating y heating in the vertical He-Il ( MCNPX Monte Carlo)
at a proton beam power of 20 kW

7.5 W x Y4 (duty factor) ~2 W
with longer time constant of temperature raising,
larger heat capacity of He-ll

Cooling power

Q x Py, x dV/dt /I {R T}
latent heat  vapor pumping gas pump
of pressure  power constant temperature
vaporization at0.8 K
34.5 J/molx 3 Torr X 1x10* m3/h/{8.3 X 10> m3bar/(mol-K) X 300K} =17 W




EDM _.E
cell

A new 20 kW UCN source

proton beam x10 O x50 /8
vertical to horizontal x12 KX
15%x120 =1800 UCN/cm?3

lead target @

© ©6 ©6 © © © © o o Temperature

3. No gravitational barrier X% 20 o o o o
O © ©
N o UCN

WllldO!’V © 6 o E.‘Jlﬂ'mjt n 3 mK

EDM Y
cell f He-Il
Cold H

20~80 K
UCN valve

f 20K D,0

1. Short distance X2 g(lllgrlr(nal

2. Smaller UCN loss X 3 by to::;;ductlon o f300K D,0
ead targe
5 several 1010 K




MC calculation by MCNPX
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TRIUMF

International Spallation
Ultracold Neutron Source

2| £ ]

Spokespeople: Y. Masuda (KEK), J.W. Martin (Winnipeg)

Collaborators: J.D. Bowman, J. Birchall, L. Buchmann, L. Clarke, C. Davis, B.W. Filippone,
M. Gericke, R. Golub, K. Hatanaka, M. Hayden, T.M. lto, S. Jeong, |. Kato, S. Komamiya,
E. Korobkina, E. Korkmaz, L. Lee, K. Matsuta, A. Micherdzinska, W.D. Ramsay, S.A. Page,
B. Plaster, |. Tanihata, W.T.H. van QOers, Y. Watanabe, S. Yamashita, T. Yoshioka

(KEK, Winnipeg, Manitoba, ORNL, TRIUMF, NCSU, Caltech,
RCNP, SFU, LANL, Tokyo, UNBC, Osaka, Kentucky)

We propose to construct the world's highest density source of ultracold neutrons
and use it to conduct fundamental and applied physics research using neutrons.
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TRIUMF kicker concept

2013UCN production rate X5 8 months/year !
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WOI"ld'S UCN projecfs, PucN = PucnX TsX Eext X (dilution factor)

source
type

Ec
neV

Puen
/cm3/s

Ts
S

Eext

Pucn /cm?
source/exp.

spallation
He-II

210

0.4X10%
(10L)

150

~1

3x10° (20L)
/5%104

n beam
He-11

250

10

150

~1

** /1000

n beam
He-11

134

0.3
(7L)

500

1

**/150

reactor
He-1I

spallation
SD2

145 (3.6L)
/120

spallation
SD2

2000 (2m?3)
/1000

reactor
SD2

1300/**

reactor
SD2

1X104/**




