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Muon Cooling

Daniel M. Kaplan

HMEMFCTLEREIELC, 14 LTOERIEERE S
BDT. IIVIE—VZRAVWTHREMEEZ
EMEEHIEMTEE,



PIEFEREZEIEPTICIE

. PIEFDOREHEIELT,

. EREBEEZ LTS,

. mEZT TS,




Boltzmanna i & F&

O(E)dE = @, 7I-\)wv/ #ﬁ
° (kg T) L5p
” 3K
10K
> i 30K
(A REOBRR(ES) ) B!
FluxZ R ETENREHEICL S, =
e *hms ) 1
- J | \)C ~
0_
B ®(E) 2 @y B’ 3
pUCN __[ Vv dE §VUCN (k T) Neutron Energy [meV]

=9.1x10"°d [n/cm® /s]@ 300K
=2.0x10"d [n/cm®/s]@ 20K

10



AENZKHUCNAERL
Superthermaljx

o FEFDREMNMESLZEDE(T <20K) ., IEHERR
ALZ5ISE T HEMUMNELEOTLHD T, E
MOBEEIMESTEREFITI A A LELLE-TLS,

o ZIMBUCNIZITIEZBIERILY T 5T TIE
P!ATELN,

. TG PEREETARGL O TRIET
HERS.




BRELIZ KB E

e

BEDE-H2EMRTERZSD, \

Phonon Neutron
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Photon Neutron
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o: photon-neutron cross section
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Photon Neutron
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Superthermal Converters

Converter Material Superfluid *He Solid ortho-D, a-1°0,
m Phonon Phonon Phonon, Magnon
Temperature of
material

Optimal neutron 9 K 29 K 12 K
temperature
Production rate 9.3x100®, /cm3/s V) 1.0x108%D, /cm3/s? 2.4x10°®, /cm3/s 3
with 30 K neutrons

0.7K 5K 2K

Ideal storage time 886 sec 146 msec 4 489 msec

UCN density with 8.2x107®d, /cm3 2.4x10°D, /cm3 1.2x10°®, /cm3
with 30 K neutrons

UCN 1is defined as E;(<252 neV in moderator.

1) R.Golub, D.J.Richardson, and S.K.Lamoreaux, “Ultra cold neutron”, Adam Hilger, Bristol
(1991)

2)Z. Ch. Yu, etal., Z. Phys. B 62 (1985) 137

3) Gutsmiedl et al., http://arxiv.org/abs/0911.4398v2

4) C.-Y.Liu, A.R.Young, and S.K.Lamoreaux, Phys.Rev.B62, 3581 (2000)
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UCN sources in the world

PSI solid D,

1.2 MW Proton Cyclotron
590 MeV - 2mA

6 sec beam pulse / 800 sec
for storage

30 liter of solid D,,
D,O moderator
Pb target

Characterization of the PSI Ultra-Cold Neutron Source
ABHANDLUNG zur Erlangung des Titels
ETH ZURICH, Leonard Géltl

LANL solid D, RCNP He-lI

« 100 kW Proton Linac (20Hz) . 400 W Proton Cyclotron
« 800 MeV — 10mA x 625]48 e« 400 MeV — 1HA
» 5 shots in 5 sec for storage

* 10 liter of He-ll

« 2 liter of solid D, » 20K-D,0 moderator
« 150K-CH, moderator « Pb target
« W target

_ UCN density was measured
UCN density was measured as 15UCN/cm3

as 85+10 UCN/cm3/uC, and
agree with calculated value of
107+20 UCN/cm?3/uC

A. Saunders et al., Physics Letters B 593 (2004) 55-60 Y.Masuda et al, PRL 108, 134801 (2012)
A. Saunders et al., Rev. Sci. Instrum. , In press. ' ' '
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UCN Re-acceleration
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RpEFRIYLEZERAEL, EDT:
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Mayer et al., Nuclear Instruments and Methods in Physics Research A 608 (2009) 434439
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L1535,

p : UNC density [UCN/cm?3]
P: Production rate [UCN/cm3/sec]
T : Storage time [sec]




J-PARC Linac for spallation source



Specification of J-PARC Linac

Proton Energy 400MeV(at 20137?)
0.5 ms
Repetition 25 Hz
Peak Proton Current 50 mA
Average Current 0.625 mA
Peak Power 20 MW = 558 1
Average Power 250 kW
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Dy oitzmann = 6.2 X 10" n/cm?/pulse (10kJ)
Production Ratez1.0x108 ®_ & T
D&

Pucn = 6200 UCN/cm?3/pulse
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