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Physics target is Neutron EDM

We need more and more density in EDM cell.

 For statistic

 Smaller cell size and slower UCN velocity can
reduce the systematic error.
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. BEZ®TIT5. (UCN converter)

BRENTSITEVMGS . FEIRREISET HE TITHREL
ANV
ZDIGEEDUCNE E(X
p [UCN/cm3] = P [UCN/cm3/sec] x T [sec]
L1355,

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

Superfluid “He Solid ortho-D, a-1e0,

m Phonon Phonon Phonon, Magnon
Temperature of 0.7 K 5K 2K
material
9 K 29 K 12 K

Optimal neutron
temperature
Production rate 9.3x10°0®, /cm3/s V) 1.0x10°®D, /cm3/s? 2.4x10°®, /cm3/s 3)
with 30 K neutrons
Ideal storage time 886 sec 146 msec ¥ 489 msec

UCN density with 8.2x107®, /cm? 2.4x10°®, /cm? 1.2x10°®, /cm?3
with 30 K neutrons

UCN 1s 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, LANL solid D, RCNP He-ll

* 100 kW Proton Linac (20Hz) . 400 W Proton Cyclotron
« 800 MeV — 10mA x 625“8 e 400 MeV — 1MA

1.2 MW Proton Cyclotron « 5 shots in 5 sec for storage

590 MeV — 2mA _

6 sec beam pulse / 800 seC | o 1 oo i D * 10 liter of He-ll

for Storage Iter ot soli 2 ° ZOK-DZO moderator
. \1/\?(3K-Clt—|2 moderator . Pb target

30 liter of solid D, arge

D.O moderator _ UCN density was measured

2 UCN density was measured 15UCN/em?3

Pb target as cm

as 85+10 UCN/cm?/uC, and
- agree with calculated value of
ABHANDLUNG s Erangung des Thels - 107420 UCN/cm3/uC

ETH ZURICH, Leonard Got 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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J-PARC Linac for spallation source
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Specification of J-PARC Linac

Proton Energy 400MeV(at 20137?)

0.5 ms
Repitition 25 Hz
Peak Proton Current 50 mA
Average Current 0.625 mA
Peak Power 20 MW €= ;x5 ! !
Average Power 250 kW
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Dy oitzmann = 0.2 X 10" n/cm?/pulse (10kJ)
Production Ratez1.0x108 @, 1, mann&d D&
Pucn = 6200 UCN/cm3/pulse



NnEDM at J-PARC

J-PARC FENMERSBDEFE—L%Z
SRY—7 v MMCEZEAS.

AT ICTRL J-PARC UCN
%#%EEEE LT J-PARC PAC [c
BRBARICHREET 70— &R iH(P33)
AT RT3

UCN source

Rebuncher EDM apparatus




NnEDM at J-PARC

Neutron Rebuncher

JNIVARRICEET 0N BEDEICILN>TUERD

JET I
/

not different from continuous UCNSs ...

Average proton power = 250kW




NnEDM at J-PARC

Neutron Rebuncher

JN)L ZARICHRE T DD,
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re-shaping to sharp pulse
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take in pulsed UCN  the door closes,
while door is open UCNSs broaden
in the bottle

|

-

take in next pulsed UCN. the door closes,
some UCNSs overflow, the density increases
the others stay. by the pulse

Al



NnEDM at J-PARC

Neutron Rebuncher

X
door position

777

UCN production t
at converter



NnEDM at J-PARC

Neutron Rebuncher

UCN source
Rebuncher
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nEDM at J-PARC

Neutron Rebuncher
RFEIBEZ(ESTCAEY 7w ST
T ZIEET 5
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nEDM at J-PARC

Neutron Rebuncher
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Rebuncher Devices

BHLA (1 Tesla)
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Neutron counts (arb. units)
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Phys. Rev. A 86, 023843 (2012).
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Production of UCN by a Pulse

J-PARC Linac1/N L A% Z(+1-184 . ConverterT
Pucn = 6200 UCN/cm3/pulse DEE LGS,

Time structure of Cold neutron flux in D, converter

Smax = 1.0000E+08 (Mev]

Decay time ~1.3 ms

_; [T1— neutron

00000000

Cold Neutron D FEAE R (L T=>71=1.3msLHVEELY,
Maximum UCN density =P X t
BB ORKIL140 ms (4K-D,) DT
JRERIZ(XHE100FE I ZEA A EE,
FNEEITI BUCN Juggler[ZDULNTERBAT 5,




UCN production and storage
DC beam: Converter®

UCNEZEEDRARKZERT .

UCN‘EJ-&;D: thf%%)o = &E;:”_C

: o A9 (ZConverterR D

Production Rate PIZEE D -8 Z%PTIZ@]ET%
19 %, °

Density in

Converter 0 ‘ b ‘ t
Converter

UCN density

Beam

Time 0 t T



UCN production and storage

DC beam: Converter&cell
RIRBIIZIEZCellR D

%E%Tiﬁi%d_éo
Cell

0 to/2 T
Density in
Converter ‘ ‘ —ﬂ—ﬂ—
And cell 0 t/2 .

Converter
UCN density
Time 0 t 21

Achievable UCN density is independent for cell volume.



UCN production and storage
~or 0, converter PUISE@ Deam: Converter® &

1~ 146 ms
t,~ 40 ms to 500ms

At~ 0.5 ms
Density in At exp(-to/1)
0 ‘ At ‘
Converter +At
UCN density /w\
At At
<> <>
Beam . .
Time 0 t 2t

UCN density never achieve to t



How to Achieve to t limit

Loss in the converter is critical.
UCN have to out of the converter until next pulse.

0 0 At 0 0
— — =
Converter i At o At -
.. UCN Juggler
At At
<>
Beam l i
Time 0 t 2t,

Finally UCN density achieve to Pxt !!



Possible scheme of UCN Juggler

Y direct
A
To EDM ce
Mirror & Shutt m
N @ @ @ T
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|

1) Rebuncher #35—IZT74—hR9 %,

2) ST—TREILI=UCNZE. BV
RebuncherCA—4wkZRY,
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Another Solution

Sextupole like magnetic field returns neutron on a same time.

Neutron is focused onto
Initial position independently

1T for 60neV divergence velocity.



ldeal Maximum of UCN density (for sD,)

By 400MeV-50mA-0.5ms (10kW) pulse,
Pucy = 6200 UCN/cm3/pulse.

Moderation time of cold neutron is 1.3 ms (FWHM).

If UCN Juggler is ideally working, UCN density can
achieve

Pucy = 6200 UCN/cm3 x (146ms/1.3ms) x 1/2
= 3.5 x 10° UCN/cm?

Note: Temperature increase is 0.15K for a pulse.



Problem of UCN juggler

Spin exchange is critical for magnetic juggler.

ex. Incoherent scattering of D6 depolarization etc.
(Spinless nuclei, “He, 10, or 2°8Pb can be the
candidate)

Loss of rebuncher must be less than 1%.

Off-specular reflection of UCN mirrors are critical
(99.3% for DLC coated float glass).

F.Atchison et al, Eur.Phys.J.A44(2010) 23

Juggler can produce high density, but same UCN
number (only smaller volume produced).



Summary

« HEFEDMEERD =6 DUCNIREFHRET S,

 1pulse (50mA, 0.5ms)TConverterAdensity T
6200/cm3IZEIZET HETE,

 Rebuncher([RIEEFEFH

* J-PARC LINAC (Peak Power 20MW)ZEE I
{F55:%&ELT UCN Juggler"ZiE,
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