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KeEE/NILARHEFIR (3GeV X 333uA=1MW)

Building dimension :
Width : 70m
Length : 158m
Height : 30m

Exp. Hall Height : 22m

Cooling systems
(Basement)

S s

23 neutron beam lines will be Installed in
experimental halls under present design.
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Fast neutron sources In the world

Neutron source

Production method
/ Beam power (kW)

®, on target
(@40keV, / sec/cm?/eV)

Karlsruhe Li(p,n)’'Be / 0.025 14
Tokyo Inst. Tech. Li(p,n)’Be / 0.024 13
GELINA (e,e’'n) / 7.5 1
LANSCE/Lujan Spallation /7 80 80
KENS Spallation /7 2.5 8
CERN/Nn_TOF Spallation /7 9 0.5
J-PARC/MLF/BL0O4 Spallation /7 1000 ~1000




| RETAREZEOERIEFRERIGE sBFETTHR TR

BELF
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7R = KYDEDEMTRIFED AIEE
D RIALITHR
REMALEZIE

®D (n,y)ErEiFRIE A AIEEIC !

RER: ®, ~10n/s/cm2/eV. 28 ~1mol T ¢ < 10ub AVHIE AT HE
= @, ~ 1000n/s/cm?/eV 755 ¢ ~ 10mb @BIE ICHELZZERE ~10umol !
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S-BIRIZE (TR i

‘ FUESEH: [N]-op<v,> 2 Ay

AR s BIEORFETIE PHEFHE [n] ~10° [cm?]
HEFOFESRE <v,> ~2.2 x 10% [m/s]

"oy =1mb & Ay =2.2x10M [s1] < Ty, = 1000[y]



S-1BFEDFEIE DI

=T T,,, > —1000y D#%FE(1)

Nuclide Ty, [V] Qp [MeV] (n,y) data
36C| 3.01 X 105 0.709 G,,=10~90b
39Ar 269 0.565 NA
40K 1.248 x 10° 1.311 6,,=30~70b
41Ca 1.02 X 10° (EC) NA

53Mn 3.74 % 106 (EC) G4, =66~170Db
60Fe 1.5 106 0.181 NA

59N 7.6 x 10 (EC) G, =52~78D
63Ni 100.1 0.067 G, =20~26b




s-1BFEDEBDEFETT,,, > ~1000y D%IE(2)

X EDIBDZIEIAN I LBRET TE1NRELD SARNEHTELGENED

Nuclide Ty Y] Qp [MeV] (n,y) data

79Se 2.95 % 10° 0.151 NA

81Kr 2.29x10° (=9 NA

87Rb 4.81 x 1010 0.283 | 13.9mb@25keV (n_TOF)
93Zr 1.53 x 10° 0.091 115mb@25keV (ORELA)
91Nb 680 (=9 NA

92Nb 3.47 x 107 (EOC) NA

94Nb 2.03 x 104 0.472 0y, —=13.6~15mb
93Mo 4.0x 103 (=9 \A




S-1BFEDFEIE DI

=T T,,, > —1000y D#%FE(3)

Nuclide Ty Y] Qp [MeV] (n,y) data
97Tc 4.21 x 106 (59 NA
98Tc 4.2 X 106 0.398 o —2.6b
99Tc 2.11 x10° 0.294 1~1.5b@25keV
107Pd 6.5 % 106 0.034 1.53b@25keV (ORELA)
115In 4.41 x 1014 0.496 0.78~1b@24keV
126Sn 2.30x10° 0.25 o,=0.59b (Beijing)
129 1.57 x 107 0.154 0.45b@25keV (GELINA)
135Cs 2.3 %106 0.269 0.18b@25keV (KfK)
137La 6 X 104 (59 NA
138La | 1.02 x 10 0.255 on=>57.2D




S-1BFEDFEIE DI

=T T,,, > —1000y D#FE(4)

Nuclide T Y] Qp [MeV] (n,y) data

144Nd | 2.29 x 10%° () 80~105mb@25keV (KfK, Fei)
146Sm | 1.03x108 () NA

147Sm | 1.06 x 10! () 1.5~2.5b@25keV
148Sm 7 %10 (o) 0.25~0.3b@25keV
150Gd | 1.79x10° () NA

152Gd | 1.08 x 104 () 1b@25keV (KfK)

158Tb 180 0.838 NA

154Dy 3.0x 1068 () NA

176Lu | 3.76 x10%° 0.593 1.6~2.2b@30keV (KfK, ORELA)




s-1BFEDEBDEETT,,, > ~1000y DI%FE(5)

Nuclide Ty, Y] Qs [MeV] (n,y) data
174Hf 2.0x 1015 (o) 980mb@25keV (KfK)
180Ta* | >1.2x10% ) NA
186Re* 2.0x10° () NA
187Re 5.0 x 101 0.0026 1.5~1.8b@25keV
1860s 2.0x10% (o) 4~400mb@30keV (1)
190Pt 6.5 x 10 (o) o0, —=90~152b
205Pb 1.73x 107 (EC) on,=4.5b (LANL)
208Bi 3.68 X 10° (=9 NA
210Bi* 3.04 x 106 (o) on—04mb




EER E DFIEY

BHIRORE: TEXRDRAPEFRIEFIIRSRERF
{5 : 35CI(n,,y)36Cl (43.7b) = 36CIAE M E: 2x 1010 st @JRR-3
--- 1Mol M35Cl, 5000sfB 5T T 10pumol & X

G ADYVET LI
{5l : 36Cl (T,,, = 3.01 x 10°y), 10umol = 0.43MBq < 1MBq



op M- o€V - T, > 1000 [b? -y] THNIEEHEIHE T
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Part I. Z&&H

S-BFERRIRILET T, > ~1000y D% 444%78

T M55 J-PARC/MLF/BLOATLLERHIB ZIZBITETEH8%: 26%%1E

36C|’ 4OK’ 41Ca’ 59Ni’ 798e, 87Rb’ 932'-’ 94Nb’ 99TC, 107Pd’ 115'”, 135CS, 138|_a’ 144Nd,

147Sm’ 1488m’ 1526d’ 176LU, 174Hf’ 180Ta*’ 186Re*’ 187Re’ 18608’ 190Pt’ 205Pb’ 210Bj*

X J1)—2 D& p-process (y-process) | &
X INBIENT NBREERDRET —FDEL or S+ THS

10Bg(n,y)!'Be (1°Be; T,,=1.6%x10°y) < 1BeY/—AVHfE

Mot FIE CRLETELL RIEER (~10mmolAB &) %
EDELIIZLTDKEM? dp)? BEHH?



BLOS “NOP”
(ER19FE ~23F E FTRImHZ)

SRR EFRAFER; R—/IN\—I5—THEZDIT. BIRI/ILT—
HURERINVD T S K% Bl
SRIBISUF  6%108 cm2 st MWL
KBEISF 1x10°cm2 st MWL
EOETSF 8x%10%cm2st MWL, 10€ sr

e F PR
High-Q X—/\—=5— (m=5)
LA HMELUX
HBE{REBE—L (P=0.9993+0.0059@0.95nm)
EIERE D)y T F3v/8— (S/N=10 for single stage)
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Neutron Optics and Physics (NOP)

A Beamline for Neutron Fundamental Physics
BLO5 Coupled Moderator

3 Beam Branches

“Scattering”
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“Interference”
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Neutron spectra

3 .
No He cross-section corrected

High luminos

-
>
(T

S
X
-

=
c
o
—

—
-
Q

prd

High polarization

-

0 1 2 3 4 5 6 7 8 9
Wavelength [A]




1. A EFFEREEVIT NOTTRER

Neutron Life-Time Measurement
at J-PARC/MLF/BLO5

NOP Collaboration

=BEZ BEHRE MRE, Tk, RS, FIEEME,
/ﬁ7k*ﬁF IBZEFA, 1EREILES, J"'EEIﬁH_'J,B AT LSS,
BHEZC 1&'**” 70, #AREBRC, AEEFEE,
It O HEEF BB IE AR, I%%%EG,UJTTH,%EET’H&@H
and NOP Collaboration

KEK, JRKRCNPA, IEHFB, JAEAC, it kP, KPxE 8 KE,
RAWFF, JRKHEC, B AEH




Physical interests (part I):
Unitarity of Cabbibo-Kobayashi-Maskawa matrix

Life-time Asymmetry

K G A(A+1)
ft(1+A.)(1+8,) = /N
( + R)( + R) |Vude|2:(l+37L2) A GV 2 ]_+3}\,2

2 4908.7+£1.9s
- ’Cn(l+37\.2)

V

ud




Data analysis with the most precise measurements of
neutron decay
T

- —-GE&SiO.S s (Serebrov 2005)
A =-0.1187(5) (PERKEO 2005)
A =-1.2695(29)

Neutron
beta-asymmetry,
Perkeo result (2005)

Neutron lifetime,
"Gravitrap" result

Neutron beta-decay
("Gravitrap" result
of n-lifetime)

Standard Model &
higher quark generation decays

Nuclear beta-decay

1,266 1,268 1,270 1,272 1,274 1,276 1,278 1,280 1,282




Physical interests (part I11):
Big-bang nucleosynthesis (BBN)

1, = 885.7%£0.8 s (PDG2004)
1, = 878.5%£0.7%x0.3 s (PNPI-ILL)

A[*He/H](®*He(d,p)*He:4%)=0.0022

A[*He/H](obs.)=0.003

A[*He/H](z,:0.8%)=0.0017

G.J. Mathews, T. Kajino, T. S.
PRD71 (2005) 021302




History of Experiments

1, = 885.7 &= 0.8 sec (PDG2009)

2
=
=
-
=
=
=
=
@
=

il | 886.3 + 1.2 & 3.2
average (PDG200) In-beam n, trapped p
J.S.Nico et al.
8785 x£0.7 0.3

UCN Gravitational trap
1990 1995 Yeazrl]ﬂl] 2005 2010 A SerebrOV et al.



PNPI-ILL experiment
A.P.Serebrov et al., PRC78, 035505 (2008)

evapolator

UCN storage trap

- Fomblin (no-H oil) coating
— UCN loss; 2 x10-% /collision

cryostat

- rotatable bottle
— gravitational spectrometer

vacuum
chamber

rotator

flap valve

inlet valve

detector shielding




NIST experiment J.S.Nico et al., PRC71, 055502 (2005)

alpha, triton
detectors

b, 6 . B=46T proton
* LiF detector

deposit I
o) @ERNR—"

mitror trap door open beam
* (+800 V) electrodes (ground)

FHEFOR—FFEENCDEFEHNETEHTHE
AFtEFHIE SLi(n,a)3H DD o, t ZEHHL. AlE



TABLE I Summary of systematic corrections and uncer-
905 tainties (in seconds) for the measured neutron lifetime.

- Source “orrectio Incertaintv
900 Source Correction Uncertainty
SLiF foil areal density

)

895 -y -
‘ 6Li cross section I
1.
.

_|_

Neutron detector solid angle
Neutron beam halo

890 99 3AF " @ individual data runs
extrapolated neutron lifetime
(statistical uncertainty only) LiF target thickness
380 34— ..~ lincar fit Trap nonlinearity _

. Neutron losses in Si wafer 0.5
10 15 20 25 SLiF distribution in deposit 0.1
Backscattering fraction Proton backscatter calc. 0.4

)
)
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o LA
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0
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=
g
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=
L
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=
[e]
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ey
=
=
O
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v
=
=
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“
L
L
=

_|_
—_—

Proton counting statistics 1.2
Neutron counting statistics 0.1

Total 3.4

T, — 886.8 * 1.2 [stat] * 3.2 [sys] (sec)

FLERABREIL SLIOEE, 5Li(n,0)3HETETE. o, tIRHE ASSDDILIEA,



Yasumi et al.

Neutron beta decay/3He(n,p)3H

Vacuum vessel PM tubes

Cold neutrons

50cm
Veto counters Plastic counters

(B, p, ©)




Error sources

Uncertainties In

Effective volume
Detector solid angles
Scattering effects of neutrons and charged particles

etc ...

since of neutrons and charged particles
have not been observed in the above experiments.



Our method
("atHe+3He+CO,)

= E, dE/dX, track shape, direction, vertex position

— particle ID, background rejection,

~100% detection efficiency for 3, p, and t

Insensitive to y-rays,

well-defined effective volume and detector solid angle

= neutron flux Xx4@100kW, xX40@1MW,
compared to Kossakowski et al.

= well-defined neutron beam profile (longitudinal)
provide TPC trigger



Statistics
Neutron flux —~ 5x108/cm?2/sec/MW

= @, = 1.0 x 10° n/sec with

beam cross section 2cm X 2cm
divergence 5mrad
beam power 250kW
aperture of chopper 5%

TPC effective region --- 1m long

=

10-2 for 2 hours, 10-3 for 8 days



Systematic errors

Detection efficiencies for B3, p, t --- 0.5% accuracy

Density of 3He atoms
--- measure total pressure of gas within 0.1%
SHe/*He ratio — 0.5% achieved

SHe(n,p)3H cross section at thermal
--- measured with 0.5% accuracy



Background suppression

PEFNTFEENRITHET, FEFHATPCAZERT DRI,
P EFAYMEELHEEERLENEIICT S,

ZLT. TPCORIELI-EBNBI NS, BPRRIESERZRITET D,

e bPéeebed tﬁm—'.‘#ﬁﬁl
"0

Window
Catcher




Experimental setup@J-PARC/MLF/BLO5

-

—

Beam portjgs
(High-pol.



Preliminary Data (*He(n,p)=H)

Pulse Height Spectrum TOF Spectrum

C_AD-C_ku {[-C_Ad-C_sul100303)
H_NK {[-C_Ad-C_Auj<100023}

10005
=
A0 -

EEH:I.I::
E
dtn‘.li_—
E

A0 200
H_MHK

.| <10
200 300 4 S0 GO0




111, P EF-FHRARELICEARANBEERDOERE

Test of Inverse-Square Law of Gravity

5 Earth- LAGEOS

******** /'

LAGEOS L:unar

Lunar Precessmn

Logq oAl 5, - range in units of

Reference: Coy, Fischbach, Hellings, Standish, & Talmadge (2003)



“REZGZRERIT” Large Extra Dimension

N.Arkani-Hamed, S.Dimopoulos, G.Dvali, 1998

BEE NI DI AR Tl 25
“BERERE" SR L TIEXFRE &

BRFEZERICHITAIE S

LND A ?
L7 O g

CCT M [ENRTEDTZUHEE (I My = M ~ 1019 GeV)



REIXRIT (N-3) [TEER*DZEMIZ“a/NIME”
SNTHY.r>R*TILBEDIXRTERMET S,

r = R* TIXE AHEHFEAIIC
EEEXN TLNEIFNITERSERLY,
T?&b%

--R*MNTSUORE 108 ecm&YEBLIEEIZKELDS
BRITDBAESINEHMIIERIZ/INESLY



Potential

Newtonian

Vs (r)=V,(r)-@+aexp(-r/2)) (Vg (r)=-G M -m j

r

Theoretical models:
Large Extra Dimension (Alkani-Hamed, Dimopoulos, Dvali)
Radion-mediated force
Moduli coupling (exchange of string-theory scalars)
Axion exchange
Multi-particle exchange (axions, v-v, etc.)
Vacuum-energy scenarios (“fat graviton” model)



Constraint on Non-Newtonian Gravity In
Sub-millimeter Range

Vs =V, (L+aexp(-1/2))

EXCLUDED BY M
EXPERIMENTS (V e -M )

9T T

.. moduli

n |_hn gravitons T uon

n=3 = A=15[um]
n=4 = A~=3.2[pm]



Torsion-balance experiments

Hoyle et al. PRD70, 042004 (2
Kapner et al. PRL98, 021101 ¢

107

-4—— Stanford

dark energy

scalg —— %

EXCLUDED

REGION

“~._ Colorado

_________________________

2 extra

scenaril

Iry

e e i ey i i

Eot-wash 2004
Eot-wash 2006

© dimensions

B
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107®

107° 107

A [m]
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Atomic Force Microscope

Excluded

by
experiments

M coated
sphere

g

2

o
[

-5

10° 10
A (meters)

R.S. Decca et al. PRL94, 240401 (2005)



Background

IS dominant at
(Casimir-Polder)

_ 3nc a

C
8z |*

Electric polarizability of atoms; a, — 104 cm?3

NeUtrOn ; a,~ 1042 cm3



Search for New Intermediate-range Force
via Neutron Scattering  Sreene & Gudkov

Zimmer & Kaiser
Frank, Isacker & Gomez-Camacho

4900) _fa va 7F(0)raF.(OF  ac o

dQ
~a,’ +2a,a ZF (0)+a Z°F.(0)

ay ; huclear scattering amplitude

a,. , heutron-electron scattering amplitude
a; ; gravitational scattering length

Z , atomic number of target

F.(6) ; form factor for atomic electron
F<(6) ; gravitational form factor




Cross Section

G : coupling constant of Newtonian gravity
a : coupling constant of LED gravity

A . range of non-Newtonian gravity

M : target mass

m, : neutron rest mass



Incident
neutron

Experimental Setup

Top view

Target gas

Neutron detector for
large scattering angle «__

Scattered ne&tnpn

3000mm

Neutron detector for |
small scattering angle *

£
£
o
o
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Xe. ¥z 124Xe HHFE



(n,n) cross sections of Xe isotopes

1

HE—lZ&(H,EL)HE—123—LB
HE-124(H,EL}{E-124-1.8
#E-126¢(H,.EL)XE-126-L8
HE-128(H,.EL)XE-123-L8
AE-129¢(H, EL}XE-129-1.8
#E-138¢H. EL}XE-138-1.8
#E-131<(H,.EL)XE-131-L8
HE=132(H.EL)
#E-133<(H. EL

#E-134(H, EL

HE-135¢H,

HE-136CH,

EHDF~B-UII.
EHDF~B-UII.
EHDF-B-UII.
EHDF~B-UII.
EHDF~B-UII.
EHDEAB=UIT~
EHDF-B-UII.
EHDF~B-UII.
EHDF~B-UII.
EHDF-B-UII.
EHDF~-B-UII.
EHDF~B-UII.
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Counting rate; Xe o ("Xe)=2.96 b
o (124Xe)=0.141 b

124% e, T=200K
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Counting rate; Focusing-SANS

¥ hEFEE: 630m/s. E—LH 44X 10mm x 10mm
A—4y: 124Xe (300K, 1atm, 20cm depth)

1 '?*Xe: non-Newtonian
1 '?*Xe: elastic
—1 direct
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Sensitivity (2year measurement, 95% C.L.)

(EXCLUDED BY
PREVIOUS EXPERIMENTS)

Mohideen

Casimir

gauged B#




BT —2DEEE

3He(n,p)3H cross section at E,=0.0253eV;

J. Als-Nielsen et al., Phys. Rev. 133, B925 (1964) 5327%10 b (0.2%)
V. P. Alfimenkov et al., JINR, R3-80-394 (1980) 5333=*=7 b (0.13%)

ENDF/B-VII (2006) 5316 b (0.3%)

--- Overall divergence ~0.3%



°Li(n,t)*He cross section at E,=0.0253eV;

M. T. Swinhoe et al., NEANDC(E)-212 (1980) 924+54 b (6%)

-0.26%

g

-2.4sin 1, by NIST |

ENDF/B-VI (2001) 941.0+1.3 b (0.14%)}

ENDF/B-VII (2006) 938.5+2.8b (0.3%)



124Xe(n,n) cross section

—— ENDF/B-VII

—— ENDF/B-VI

— JENDL-3.3
JEFF-3.1
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Neutron Energy [eV]




F=ED

1. J-PARC /NJL AR EFRATREIRAIR,

0.0leV < E, < 100keV. =48 yHRI&H 258

— &T 3. BEST. FTERDE

BLO5 1meV <E, < 0.02eV. it F Il

— htEFFHdn, S—FERIRIEXTTRE
fEmEHICKAEDMAIE
HHAREICKDRANMEEERIER
AHEFTSEIC KA EEYE

2. JI7LURT—RIZIE 1% ZEBAASBENERINDDH S,
BHOTIBOEESHENEE,

3. KYBRER)I7LURAT—3DBIERMIIYMEBT—2D
HEIERfftom LICERET S,
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