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J-PARC P33: J-PARC UCN for |dn|<10-%27 e cm

for the study of new physics with the improved experimental accuracy by the optically controlled transport of
pulsed ultracold neutrons to the measurement cell.
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J-PARC P33: J-PARC UCN for |dn|<10-%27 e cm

for the study of new physics with the improved experimental accuracy by the optically controlled transport of
pulsed ultracold neutrons to _t_he measurement cell.
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J-PARC P33: J-PARC UCN for |dn|<10-%27 e cm

for the study of new physics with the improved experimental accuracy by the optically controlled transport of
pulsed ultracold neutrons to the measurement cell.
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J-PARC P33: J-PARC UCN for |dn|<10-%27 e cm

for the study of new physics with the improved experimental accuracy by the optically controlled transport of
pulsed ultracold neutrons to the measurement cell.
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J-PARC P33: J-PARC UCN for |dn|<10-%27 e cm

for the study of new physics with the improved experimental accuracy by the optically controlled transport of
pulsed ultracold neutrons to the measurement cell.
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Electric Dipole Moment

|dn|<2.9%10-26 @ cma

(90%C.L.)
Baker et al., PRL97 (2006)131801
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Electric Dipole Moment
heutron EDM = hw=2nB+2C
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Electric Dipole Moment

|dn|<2.9%10-26 @ cm

(90%C.L.)
Baker et al., PRL97 (2006)131801
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Measurement Procedure

search for the phase change when the electric field is reversed
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Ultracold Neutron (UCN)
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Neutron Fundamental Physics

TRIUMF: He-Il UCN Source
UCN-EDM

Lifetime, Decay Correlations
PSI: D2 UCN Source

NIST: . UCN-EDM
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SNS: UCN-EDM R
Hadronic-weak Interacton (measurement in 56
Lifetime, Decay Correlations production volume)
UCN-EDM(measurement in -
production volume) T g !

existing UCN facilities - ILL/ LANL/Mainz 1~10!
UCN facilities in construction - PSI/SNS/TUM ~ >10°3
UCN facilities planned - J-PARC / TRIUMF / NCSU
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Measurement Procedure
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Measurement Procedure
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Measurement Procedure
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Measurement Procedure
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Measurement Procedure

_____________________________________________________________

Date(2010/06/12) by(T.Yos
Title(Measurement of Neut
Conf(f#kstE R NMNEER) At(

page IR e cotoend Ponte



Measurement Procedure
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Measurement Procedure

_____________________________________________________________
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Measurement Procedure




Measurement Procedure
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Measurement Procedure
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Measurement Procedure
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Statistical Errors

_ h/2
" ET N1/2

L: measurement cell size (volume=L3)
Nocl3
wall reflection ratecL-!

Vmax: maximum velocity of stored UCN

N o< Vmax3
reflection lossov3-r

po: UCN spatial density for |vmax|=7m/s
large po Noc oo

(is minimum at T=2 T (storage lifetime))

large L

large Vmax

longer T decreases the repetition rate of measurement cycle

larger storage volume

(Adn)stat o< L2 ymax- (Y +3)/2 p0-1/2
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Statistical Errors

_ h/2
" ET N1/2

L: measurement cell size (volume=L3)
NocL3
wall reflection ratecL-!

Vmax: maximum velocity of stored UCN

N o< Vmax3
reflection lossov3-r

po: UCN spatial density for |vmax|=7m/s
large po Noc oo

(is minimum at T=2 T (storage lifetime))

large L

large Vmax

longer T decreases the repetition rate of measurement cycle

larger storage volume

denser UCN
(Adn)stat < L-2 Vmax-(7+3)/2
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Systematic Errors

Effect Correction (Ad,)syst  dependence
Door cavity dipole . .
Other dipole fields : : oC v
4 v X E (translational 0.0 0.03
(5) v X F (rotational) 0.0 1.00 x R
HG yecond-order v X 0.0 0.02 X U (0 @ vmax
(/) Ve light shift (geo phase) 3.9 U.3 X f”
(8) v light shitt (direct) 0.0 0.2
(9) Uncompensated B drift 0.0 2.6 ox H
(10) Hg atom EDM 0.02 0.06
(11) Electric forces 0.0 0.4 x (R*H)'Y?
(12) Leakage currents 0.0 0.1 x H/R
(13) ac fields 0.0 0.01
Total -3.4 7.2

smaller storage volume fislower UCN
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Statistics Systematics

larger storage volume @smaller storage volume
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Statistics Systematics

larger storage volume @smaller storage volume
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Superthermal UCN Production

MeV keV meV peV neV
106eV 105eV 104ev 103ev 102eV 10eV  1eV 10-leVl10-2eV 1o-|3ev 1o-|4ev 1o-|5ev 1o-|6ev 1o-|7ev 10'|8eV 'IO'|9eV

Kinetic Energy E <
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Temperature T <
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Velocity v <1 1 1 1 1 1
10-13m 10-12m 10-11m 10-10m=1A 10:9m=1nm 10-8m 10-"m 106m
Wavelength A l l l l l l 1 1 >
|=|ast Epi-'lal Thel'lal clld Ver.old Ultrlold

25meV = ‘
300K
2200m/s
1.8A

O

elastic scattering inelastic scattering
phonon, roton, magnon, ...

X
({r 100 200 300 400 500 600 700 800 900 1000 A

+ + + + + l +
2000m/s 1000m/s 500m/s 445m/ 7m/s
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Superthermal UCN Converters

C.-Y.Liu, Dissertation, Princeton Univ. (2002)

temperature

converter He-ll Solid ortho-D2 a-02
interaction phonon phonon magnon?
converter 0.7K 5K 2K
temperature
optimal neutron oK 29K 12K

production rate
(30K neutrons)

90x10-11do cm-3 s-1

1300x10-1Tdocm-3s1 | ~1000x10-11"do cm-3 s-1

ideal lifetime

(no wall loss, no upscattering)

886 s

146 ms 489 ms
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Superthermal UCN Converters

C.-Y.Liu, Dissertation, Princeton Univ. (2002)

converter Solid ortho-D2 a-02

interaction phonon magnon?

converter 5K 2K
temperature

optimal neutron

9K 29K 12K
temperature

production rate

90x10-1"Tdocm=3s1 M1300x10-1Tdocm-3s1§ ~1000x10-11do cm-3 s-1
(30K neutrons)

ideal lifetime 886 s 146 ms 489 ms

(no wall loss, no upscattering)

low loss large production rate

pPucn=10"11Po

(thermal moderator)

Date(2010/06/12) by(T.Yoshioka)
Title(Measurement of Neutron Electric
\ Conf(iFkstE RS MEER) At(Tokyo)




UCN Sources (Accelerator+Spallation)

high power TRIUMF BRETALEE

2010- 2013-?

Concrete
He-II cryostat
2m3 vacuum § R Iron
UCN storage il
®
1000 cm-3 |—‘
>
GM
r—=1 / cryvostat
30 liters, 5K | EE%E T i — -
solid D, Heater |
y :
T e —— [ . N
e : 4 =l - - —t ~ - 3 an
p-beam : N — ¥4t 1.5m | 05m ‘;)Oz%ho L 1m
1.3 MW ol . . 0.5m.| o
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average = 13kW | ‘average=20kW
max. peak power = 1.3MW max. peak power = 200kW
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UCN Sources (Accelerator+Spallation)

high power TRIUMF BRLETALES

2010- 2013-?

Concrete

He-II cryostat

2m?3 vacuum é Iron
UCN storage :
1000 cm-3
>
30 liters, 5K ~- i
solid D,, Heater
T CNg
b- _beam 0.4 n B 1.5m | 05 m_ |
1.3 MW B
1% duty cycle 3.6 m2 D,O , |
aver&ge = 13kW average_ZOkW
max. peak power = 1.3MW max. peak power = 200kW

J-PARC P33 average = 2kW

instantaneous power + transport optics max. peak power = 20MW
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arXiv:0907.0515[physics.ins-det

Proton Beam Availability

40ms
-« 20ms 20ms

9005

LINAC
FHERE |1 (RES00uA)

181MeV, 25Hz [
(400MeV, 50H2z)

/\
i

intermediate pulse

r, — tmicru Tmicru
TP T 560NS  (Twicro)sia 5
E B (to UCN)

T (Tuer)ri=1065ns (E-=181MeV)
112- 560ns et = 815ns (Ex=400MeV)

maximum 250kW (400MeV) is available
for 2nd Target Station, Nuclear Transmutation and UCN
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yarXiv:0907.051 S[physics.ins-det

40ms
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| R
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;‘termediate pulse U?

] ] o = SeonE T {
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for 2nd Target Station, Nuclear Transmutation and UCN
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Solid D2 Converter
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Density Decreases

t=0000.00000s

neutron guide

neutrons become thinner

neutrons are dense on production
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UCN Rebuncher J-PARC P33

t=0000.00000s
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UCN Rebuncher J-PARC P33

deceleration

Faster neutrons are more strongly decelerated
so that slower neutrons catch them up.

m-pulse coil I

?
]
¢

jenuajljod

deceleration
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UCN Rebuncher J-PARC P33

t=0000.00000s
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UCN Rebuncher J-PARC P33

t=0000. 88900s
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UCN Rebuncher J-PARC P33

t=0000. 88900s
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UCN Rebuncher J-PARC P33

t=0000. 88900s

trap with a mechanical shutter

transient decelerator

|
\

) 4 \

dense UCN
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UCN Rebuncher J-PARC P33

t=0000. 88900s

trap with a mechanical shutter

transient decelerator

|
\

) 4 \

dense UCN
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UCN Tank (DLC)
Height : 2.5m
Radius : 70cm

EDM Cell(Quartz)

Radius : 23cm

Height : 20cm

Loss prob : 3.0e-4 UCN guide (DLC
Diffuse : 0.1 Length: 10m

\ Fermig




Magnetometry
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Experimental Errors

0 6
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R&D Plans

- UCN Storage

Reflectivity, Diffuse reflection @ J-PARC/MLF w/ CN
storage time, depolarizing effect @ J-PARC/MLF w/ UCN

- UCN Transport

Reflectivity, Diffuse reflection @ J-PARC/MLF w/ CN
demonstration of rebuncher @ J-PARC/MLF w/ UCN

- Magnetometry

Hg co-magnetometer @ KEK
Rb NOMR magnetometer @ T.I.T/RIKEN
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J-PARC BLO5
Neutron Optics and Phy5|cs (NOP)

Polarlzed beam

Low-Divergence branch i
branch = - ...;';i-‘
| Unpolarlzed beam s .
branch Y

e ;‘ﬂrg

e



J-PARC BLO5
Neutron Optics and Physics (NOP)

“Decay”
Polarized-beam Braneh | oo, T8
4.0x102 cm2s' MW e ] 1 F '
10cmx4cm P=0.998 . 104 decay m"' s*' MW-!
instantaneous decay rate ~ 10° decay m-' s-' MW-!

2 cattering”
Unpolarized-beam Branch | ~~ "~
Q| gelexq .r-d' N 1
1.2x10° cm-2s-1 MW-! °§%@ﬂ[@@?f
e,
Scmxdcm

. “Interference” .. .
Low-divergence-beam Branch ........me [T

9.2x10% cm-2usr-! s-! Mw_“ :fwul-&w:w sFfus % ><?
K.Mishima et al. NIM A600 (2009] 423.
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J-PARC BLO5
Neutron Optics and Physics (NOP)

background separated in time

Instantaneously Luminous wide wavelength range

] nDecayu
Polarized beam Branch | oo, IF |
4.0x10° cm-2 s MW-! e Ba T
10cmx4cm P=0.998 104 decay m"' s' MW-! T
instantaneous decay rate ~ 105 decay m-! s-' MW-!
Unpolarized-beam Branch cattering” i
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K.Mishima et al. NIM A600 (2009] 423.
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On-going Researches at BL0O5

lifetime
| A‘l'/‘l'<'| 0-3

I Ilfetlme

prlmordlal nucleosynthems
CKM ,umtarlty test

interferomtr
and spin echo
(MIEZE)
geo-gravity
material research
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On-going Researches at BL0O5

lifetime
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Doppler Shifter
|.
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Doppler Shifter
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Summa I"y High voltage lead

\ poll;/‘r?zricnugr )::ell
of J-PARC P33
Electrodes
g |

Storage cell

JCN shutter s -
Vacuum chamber

Multi layer
magnetic sheild

s UV probe laser
. Rotary UCN shutter

JCN shutter
Aiming |[dn| < 1027 e cm

1 ¥

UCN Source with pulsed proton beam

N
Optically controlled transportation
CN detector — _—
\ § Downsizing the storage cell



THE END
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Neutron Electric Dipole Moment (nEDM)
* nEDM 1s T and P violation process,

and also violates CP assuming CPT

. . 10—20

invariance. = 102"

* Present experimental sensitivities are 5 102
very close to those theoretical L 102 |
predictions. 5 107

- Some BSM predict d,, ~ 10-27-28(SM = 107

predicts d,, ~ 10-3?). £ 10

- Current upper limit : 2.8x1026(90% C.L.) v 107
—->nEDM measurement provides § 107 |

strong constraints on these theories. 3 W

10 |
10_31 : Standard M

L 1950 1960 1970 1980 1990 2000 2010 2020
Measurement principle publication year

hv+ = -2p_B-2d_E = )

when the electric field 1s
reversed
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J-PARC BLO5
Neutron Optics and Physics (NOP)




J-PARC BLO5

Neutron Optics and Physics (NOP) """.'!!“,':',Z,"" boamm Branch I~ . diveruence.

Polarized-beam Branch | haam Branch

gerd

K Mishima et al Nlﬁl ABOO (2009) 423.

Date(2010/06/12) by(T.Yoshioka
Title(Measurement of Neutron Ele
Conf(f#KstE KR NMEER) At(Tokyo




J-PARC BLO5

Neutron Optics and Physics (NOP) """.'!!“,':',Z,"" boamm Branch I~ . diveruence.

Polarized-beam Branch | haam Branch

gerd

K Mishima et al Nlﬁl ABOO (2009) 423.

Date(2010/06/12) by(T.Yoshioka
Title(Measurement of Neutron Ele
Conf(f#KstE KR NMEER) At(Tokyo




J-PARC BLO5
Neutron Optics and Physics (NOP)

Polarized-beam Branch | Pec®”
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_ “Scattering”
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J-PARC BLO5
Neutron Optics and Physics (NOP)

“Decay”
Polarized-beam Braneh | oo, T8
4.0x102 cm2s' MW e ] 1 F '
10cmx4cm P=0.998 . 104 decay m"' s*' MW-!
instantaneous decay rate ~ 10° decay m-' s-' MW-!

2 cattering”
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J-PARC BLO5
Neutron Optics and Physics (NOP)

background separated in time

Instantaneously Luminous wide wavelength range

] nDecayu
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valence quark contrlbutlon

|dn|<2.9%10-26 e cm | SM: |de|~1032 e cm

dri~-585de.-e 43GeVx(Cs(0-0.2Cs1)

relativistic effect

dni|<9%10-25 e cm
Ll SM: [de|<~104° e cm
Ide|<1.7x1027 e cm
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valence quark contrlbutlon
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UCN Juggler J-PARC P33

1=0000.00000s FRAME=()
s mirror

rebuncher magnet

|
‘1 mirror
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UCN Juggler J-PARC P33

t=0000.00000s FRAMBE=()

mirror

rebuncher magnet

. mirror
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UCN Juggler J-PARC P33

£=0000. 00000s FRAME=(0

mirror

rebuncher magnet

. mirror
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UCN Juggler J-PARC P33

£=0000.,00000s FRAME=(
mirror

rebuncher magnet

. mirror
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UCN Condenser

t=0000.00000s
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UCN Condenser

t=0000.00000s
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UCN COndenser Pulsed Source+Rebuncher+Juggler

£=0000. 00000s FRAME=(0

p=po(1-r*1)/(1-r)

r=survival probability on juggling

eflectivity loss < 0.01

p=7.3p0 (n=10)

spin flip inefficiency < 0.01

absorpt\ion
polarization loss ~ 0.13 (1cm D2)

production synchronized with return back
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UCN Condenser

t=0000.00000s

Date(2010/06/12) by(T.Yc
Title(Measurement of Ne
: Conf(f#kstEIRFMEEE) A

Pulsed Source+Rebuncher+Juggler

page 66 Newtron Optics 2



UCN Condenser

t=0000.00000s
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UCN COndenser Pulsed Source+Rebuncher+Juggler

t=0000.00000s FRAME=()

p=po(1-r*1)/(1-r)

r=survival probability on juggling

p=30p0 (n=30)

condense time = 15 s (2Hz)
10% of measurementtime T

spin flip inefficiency < 0.01

absorption
; poll polarization loss ~ O (He, O2)

spinless converter
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Experimental Errors FIEEE{[J X%
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nEDM probmg beyond-SM
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nEDM probmg beyond-SM
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nEDM problng beyond-SM

450

tbaryonasymmetry
cd by LEP

d by eEDM

LHC

d =410 5 ccm|

MEAEENETEES

| W/
& & 1ih 52D BER L

150

LEP

100
>0 100 150 200 250 300 350 400 450 300

\ -
E M, [GaV]
A Conf({SRsHERINERS) At

400

b2l




M a g n eto m et ry Hg magnetometer 100fT

Cs magnetometer 3fT
3He magnetometer 1fT

SQUID magnetometer JER:1'C1Vi UL
requires low temperature

Rb NMOR magnetometer (Nonlinear Magneto-Optical Rotation)

Light polarization analyzers

Linear polarized light | | |
&7 40:' 03 EPhoto diode 1
k Rb atom To Lock-in
L (F— “o1H-
UCN bottle | y  Photo diode 2
-t R - T
Rb atoms inlet Polanzation
=3-> | BI IE‘ modulator | inear polarizer
e | | - i N __—
o iy,
g ] N
g e { ' i - % P | |
g AB=3mG 1 Beam External cavit
% e i splitter Diode LASER (Rb D1)
3 *
3 o5l e 300aT/Hz'/2 |l 100aT @ 0.1-0.01Hz
: S
1.0 &

15 -10 -5 0o 5 10
Magnetic field [ImG]

Date(2010/06/12) by(T.Yoshioka)
Title(Measurement of Neutron Electric Dip
: Conf({F#kERENEES) At(Tokyo)

K.Asahi, A.Yoshimi, Tokyo Inst. Tech




UCN production by a Doppler

K. Mishima (KEK), S.Imajo(Kyoto Univ.)
and the NOP Collaboration

06/11/10 nEDMigsts @ KEK



19
=

— 44

......

Side Viw

06/11/10




D I"aWi N g 30 mmx30 mm 10Q

Reflected particles Monochrome mirror

/ . | ‘: '!
./ 2z /2 | "'""";
> NS & |

—

f & < —‘_ - °~-___ ’b\ ‘ . 1
! - ~ OONE . e =
VCN - )L i K/\J\ > x\— ;] I
\‘\\:{*$’>\' ~ x . i T
[ / e T 3 S\~ . m
.'/ 4 g - " \ \g \\%7 | (P6OO mm
/ /'{/ P\\\ \ ? /, I |
' | ¥ | J—
" I - -
|
|
|
|
|

— +

1
-

; %\i’a? /¢
=

’
- 1!
= o ¥
_ =
— P
L * ™Y -
_— : = | EF
U X Y
$ = $ =" @) :
O - [
|

© L | o {
1 — | f i =

o
| /
| | A
" 'I
T\ AN
\ L ¥ /
N
—

E'
[ === =i
=4
4
| e

06/11/10 7.\ L kB ) @ 2



D I"aWi N g | 30 mmx30 mm 10Q

Reflected particles Monochrome mirror

VCN /=<

A\ @
e 7/
'\%,

’
1!
/ »
e i
. o
— ‘ rV - -
'\ “ — L —_» "‘.
\ -
\ o~
O -~ ]

- 11— | .f 13‘.' _: T ] ﬂ v V

I ' "]r: : 1| P N |
;2 2 IFJ}* J ~2000 rpm '
i TiT £

06/11/10 7.\ L BN ) @ 2



R,
Beamline Configuration

Pb & B4C Beam dump
5Q Monochrome mirror

UCN detector
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Beamline Configuration

Pb & B4C Beam dump
5Q Monochrome mirror

UCN detector

Cold _
UCN ?
VCNLf’ O
\ y
?
3 C 2
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Simulation Setup

» Incident neutrons
= Energy Spectrum : measured spectrum (pervious page)

= Velocity : 100 m/s ~ 200 m/s
s Divergence : +- 10 mrad

» Supper Mirror
= 10Qc (will/can be made using IBS in KUR)
s Mirror size : 30 mm x 30 mm
s Assuming 100% reflectivity for <137 m/s neutrons

06/11/10 nEDMiRETE @ KEK 4




Simulation w/ extraction hole

N Om/s~10m/s
o 10m/s~ 20 m/s

20m/s~ 30 m/s
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80 m/s~ -
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M=10 NiC/Ti wide-band monochromator
m= 9.0 9.5 10.0 10.5 11.0
] l |

I

R>0.4(m=10)

Reflectivity

20 21 22 23 24
Q(nm )
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The Doppler Shifter *
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A stack of 10Qc Monochromatic mirrors
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Installation in Beamline
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Experimental setup
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UCN Results
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Results

wavelength hlambda
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Results
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Ni Mirrorz &L\ CTH S,

Mirror Ni mirror on Si(0.3mm)
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UCN yield & &1&

« VCN count (314 keps (777 1 50keps)
- UCN? (v<20m/s) count rateld 1.0 cps

« UCN (v<7m/s) (0.3 cps

- VenDzJialh3136m/s, x-yJ7 A Ddivergence?’
1omrad & ) v, =v, < 1.4m/sD 37,



Summary

- UCN 5 L ZTOF % fift 5%,
«Nion 0.3mmSiZER Z E\ T2 & 2 A, 6~0m/sDf
TR o, LEDPSUCNEF@wm T 575

>

) o

- VenDzJjA17)3136m/s, x-y /7 Al Ddivergence?’
1omrad & ) v, =v, < 1.4m/sD 37,
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Backup
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number of stacking mirrors 1.00
1.0 - ———————  095- —
— 2
_ — >
0.8  —= 090-
> o
)
=~ 067, © 0385- /
;?.;()4— 080-L /LAl
0 2 4 6 8 10
02- Number of mirrors
' — By stacking mirrors, it is possible to
t 1 t o O - 9 5 realize small-d wide-band
0.0- monochromater with high reflectivity
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UCN Flux and Density

 Total flux : 2 x 108 n/cm?4/sec/MW with 10 mrad divergence
* Velocity 100 m/sec ~ 200 m/sec :1.2% of total flux.
» 3GeV synchrototon repetition : 25Hz

« UCN Conversion efficiency = 3x10-4
« UCN production = 720 UCN/cm?/s with 100% reflection
* UCN production length ~ 5cm (0.8ms)

UCN density : 5.7 UCN/cm?
UCN density with focusing option
30~140 UCN/cm?

06/11/10 nEDMigst& @ KEK
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m=10 stacknig NiC/Ti wide band multilayers
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Detector Concept
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Multiplication / FrontEnd Electronics
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Spin Flip Chopper & Fiducial Volume
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Event Rate & 5t
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Data Acquisition

Mother board (Copper) IcDaughter card (Finesse) Z4# &t <TERH,
Copperh SE#ETCP/IP 1T00BASE (100Mbit /sec) T&AH L

FINESSE 65MHz 12bitFADC (8ch)

Clock : TOMHz

Dynamic range : 100 usec

Data size : 2kbyte /ch /event
Channel#} : 16 ch

~100count /sec ¥ TDAQHJgE
(E—LF X NTIE~100count/sec TDAQ)
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Preamp. Spec Proposal

Dynamic Range

Rangel: -75fC ~ +25fC
Range?2: -500fC ~ -5fC

Conversion Gain

Rangel: 2V/pC (0.5pF)
Range2: 10V/pC (0.05pF)

Gain Tolerance

~1%

ENC <2000e @ 1pF
Crosstalk 0.5us, 1us, 10us, Variable
Peaking Time <20mW/ch
Power Dissipation 32ch

BLZEDREICELD (2009/9/63R7E)
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S3He(n,p)3HOMIMETE = 5333 barn  750keV full energy deposit
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