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Why do we observe matter and almost no antimatter if we believe there is a symmetry between the two in the universe?

EEYEDIEGFMAL? (BEIRILF—OEFKAH,?)

What is this "dark matter" that we can't see that has visible gravitational effects in the cosmos?

RN FRERDEDN RN FOEEZE(T VDD ?

Why can't the Standard Model predict a particle's mass?

VA= L7 RRWUFBOD? (KDEFNGRFHFEITSIDON?)

Are quarks and leptons actually fundamental, or made up of even more fundamental particles?
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Why are there exactly three generations of quarks and leptons?

http://particleadventure.org/index.html
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BEPEF
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Neutron
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Weak Interaction
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Gravitational Interaction

suitable for precision measurement

moderation conversion

Strong Interaction
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Storage experiments with UCN Beam experiments with cold neutrons

“counting the surviving neutrons” “counting the dead neutrons”
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“UCN bottle”

1 1 1
+—+—+ +...

1
(h; (h)vall Cheak Chracuum
RIRSRIRIRIROTIORIE T - g _

- 0 (experiment)
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Two relative measurements Two absolute measurements
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Lifetime
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Experiments for neutron lifetime

Method Beam Penning trap Gravitational trap Magnetic trap
Neutron
reactor reactor reactor reactor
source
Energy Cold neutron Cold neutron UCN UCN
Detec.tlon Electron Proton Neutron Neutron
particle
Challenge  high background flux monitor wall effect depolarization
Result 878 +27 + 14 886.6+1.2 +3.2 878.5+0.7 +0.3 878+ 1.9
(1989) (2005) (2008) (2009)

Neutron lifetime is measured by in-beam and storage methods.
Our experiment is in-beam method.
We are using pulsed neutrons from separation neutron source.

We are trying for O(0.1%) with In-beam method.
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Spin Flip Chopper
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spin flipper ‘ spin flipper off ‘
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J-PARC Pulsed Neutron source

BLOS5, Polarization beam branch

Repetition rate 25Hz

Moderator Coupled (20K)

Beam size 10 cm x 4 cm

Flux 8.6 x 106 s-1 cm-2 (1MW)
Polarization 96%

Energy 1~ 20 meV

wavelength 0.2~1nm

Velocity 500 ~ 2000 m/s

— Experimental apparatus is installed
at 20 m distance

T f 1111

Neutron count
Py
<
T

AAAAAA

20 25 3 35 40
Time of flight [msec]




Polarization Branch

Experiment Beta decay

Mirror Magnetic Supermirror(2.8Qc)

Configuration Polygonal approximation
12unit x 0.262 deg. (R=82m)

| Cross-section 40mm x 100mm

' Channel 4ch

" Bender Length 4.5m (375mm x 6 x 2)
0’ Bending Angle 3.14 deg.

Unpolarized-beam Branch

Experiment  Scattering
Mirrors Supermirror (3Qc)
Configuration  Real Curve
Curvature 100m
Cross-section 50mm x 40mm
Channel 5ch

Bender Length 4.0 m (2.0m x 2)
Bending Angle  2.58 deg.

Low Divergence Branch

Experiment  Interferometer

Mirrors Supermirror (3Qc)
Configuration 2 mirrors
Critical Angle 0.95 deg.
Bending Angle  3.85 deg.




J-PARG/MLF BLOS (NOP: Neutron Optics and Physics)
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In flight B-decay

e ~350keV
N A
Beta decay " @ :>p N,=-¢ Py
Vv T
52 "

Neutron decays into electron, proton
and neutrino.

B-decay is 3-body decay, so energy
spectrum has a low energy tail.

99.9% of B-decay electrons have >4
keV energy.

I(K )X 10" [keV']
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Neutron flux

SH@
3He(n,p)3H '@ :F? @90 keV » =E,I0,05,, 03He(v ) Reaction rate is
<— proportional to 1/v

572 eV )%y =05l ) B decay ~3.6mPa 3He

The difficulty of in-beam method is determination of the beam flux.

By adding a small amount of 3He, we can measure the neutron flux via
the 3He(n,p)3H reaction.

4mPa of 3He gives same event rate with beta decay.

Both of the event rates are proportional to 1/v, so the velocity
dependence is canceled by taking the ratio.

22



Spin Flip Chopper(SFC)

Resonance flippers flip the neutron spin.

Magnetic supermirror reflects only non-flipped neutrons.

Spin flipper Magnetic supermirror
Neutron source % _________ | Iml | \ u L]
I 300,77

40

Diameter 50 mm rerromagnenc Fe

Length 40 mm

RF frequency 29 kHz Paramagnetic  |SiGe,

RF field B, 0.3 mT Magnetizing field (35 mT

Guiding field B, 1mT Length 140 mm
Height 35 mm

B2 h N number of 5
P o : _—— sin® B? + (By — —w) t :
k Bzz + (By > é?kn,(w)z |ﬂn| / ritical angle m=5

Neutron of 1300m/s can reflect with 1.5°

Depolarization makes the contrast worse.



SFC performance

Wlth 2 ﬂlpper and 3 mirror Sets E 1 % E);perimc;nt : Pérforma;nce ofESFC @ 220kW
— Opl‘lmIZEd to give gOOd contrast g.loq;_ ..... Flipper OFF : 1.2x10°neutron/sec |.....
§ - Flipper ON : 8.9x102decay/sec
Beam size 3cmx2cm §10'2é— | | | | | |
Minimum bunch length 15cm é _33_
Rising length 5cm 10 ?
Flux (flipper on) 1.2 x 10® neutron/sec 10‘4;—
Flux (flipper off) 0.3 x 10 neutron/sec 10_;
Contrast 400
Flux with 5 bunches 1.7 x 10° neutron/sec 10
Decay rate 0.1 decay/sec | | ; ; .
Fiducial Time 2.8 ms / beam cycle 10-70 5 10 |1|5| - |2|0| - |2|5I - |3|0| - |3|5I " ac

Time of flight [msec]
2350

N
N
<
N
\\
: . :
H —— = = ,,,7777777777777 N “

Y T S T pre— e e Y
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Time Projection Chamber

Efficiency of cosmic ray is 97 %/wire

Drift cage

Voltage of MWPC (12 mm pitch)

MWPC

Beam catcher

Inside of the drift cage was covered by 6LiF/PTFE neutron shield

Drift direction ]

Anode wire

29 of W-Au wires(+1780V)

[em]

T
AXIS

o O
D O - N
1 T T <

A e € \/
- On t") urs or v

Field wire

28 of Be-Cu (0V)

Cathode wire

120 of Be-Cu (0V)

Drift length 30 cm (-9000V)
Gas mixture He:CO,=85kPa:15kPa
TPC size(mm) 300,300,970

25



Low background TPC (inside)

PEEK (poiy-ether-ether-ketone) : Used in gas detector for the first time

Feature : Chemically made from organic materials — small impurity

Pros . easily machinable, weldable,

1m material can be made to accuracy of 100um

Cons . Small elasticity, need pre-tention to set up wires
- WJ B G-10 | .. PEEK
- L“f J.‘..Lk.l‘ :‘W;—"’" e
€ Moacy lm?‘»
e i3 R T I T T T ) !m‘l'ﬁ'lk'*‘ﬁ"&fa'hﬁ'!&'l“'lﬂ-"?dw

Enengy eV Fuovgy (W)

Li + neutron 2 a + 3H

Backgrounds caused by prompt y rays Absomniion lanath b 500w

from capture reactions of scattered neutrons by gas

LiF board: sintered 95% enriched °LiF and PTFE
(LiF : PTFE=30wt% : 70wt%)

All inner surface covered with °LiF board

— Relative permittivity is €=3.0
— Position of electrodes were optimized by simulation.

— Uniformity of the drift velocities was less than1%




Low background TPC (outside)

» Lead shielding and Cosmlc ray Veto Energy cut
"‘“"' _‘ : ; g.' 03:_ ..... Experlment Enwronmental Background 'H
% - w/o Pb shield and w/o cosmic ray veto
f - w/ Pb shield and w/o cosmic ray veto
g0 " Wi _Pb shield and w/_cosmic ay veto |
§ E —————1 : ————
© 10t

 Event Selection

 Energy cut

: Energy deposit over 1.4keV

 Fiducial cut : Hit on Beam region

Deposit Energy [keV]

Total count With With
[cps] Energy cut Fiducial cut
[cps] [cps]
No shielding or 123.7 100.1 30.7 Environmental radiation : 0.8 cps
veto :> Cosmic ray . 0.5 cps
+With Lead 58.4 44.2 13.9 Radioactives in TPC  : 0.1 cps
+With Veto 7.7 4.3 1.4

S/N increased to 0.9

27



Estimation of statistical error

- D
The decay rate is 0.1cps for beam power of 220 kW.
S/N of 0.9 achieved in present condition. )
 J-PARC beam power E , |
€ 0.9_va | Statistical uncertainty in 150 days
will be 400 kW (about twice) at 2014. % os = BUINEOS)
§ 075
. Spin flip chopper Zj
— The intensity is limited by mirror size. 0_3;_
— Present beam size is 3 x 2 cm. 0.2?
— Large mirrors make the beam size to 10 x 4 cm. 0.1:; b B e NS
— Beam Intensity will be 16 times 0 e e s 50
Rate of increase in neutron flux
j> Beam intensity will be 32 times at 2014.
Statistical error is estimated to achieve 0.1 % in 150 days.
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Number density of 3He atoms

TPC gas is prepared by mixing natural He and 3He(>99.9%)
We determine

1) Absolute pressure of mixed He ~80 kPa

2) 3He/*He for abundance of 10° with accuracy of 103 _

Pressure can be measured to 10 precision at 100 kPa
with a piezo-drive transducer.

Partical pressure of 3He dopant is controlled by a baratron gauge
and volume expansion method.

It provide AP(*He)/P ~ 0.2%.

L=
Temperature can be measured with AT ~0.1 K. @5@

Natural He contents 3He of ~0.1 ppm. It will be determined by a
mass spectroscopy. Present limit is 1%.

Present uncertainty of 3He density is ~0.2% 59



Cross section of *He(n,p)3H

Transmission of *He was measured.

Present o,,,is 5333 = 7 barn (0.13%)

C. D. KEITH er a/. PHYSICAL REVIEW C 69, 034005 (2004)

00 416 7i5 12 60

' 1
Thin Foils ooy
for Background Study Collm’:atlon Radialogical
Shielding
800 MeV e 2 J
Proton \ il
Beam \ -

e

A
Tungsten :
Spaliaton 4
Target f
‘I
f
Water Flux Target Evacuated Scintllation
Moderator Monitors  Translation Beampipe Detector

Table

More precise measurement can be done at J-PARC (e.g. 100m beamline).
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Uncertainties

(" )

—1_Ne/8e 0, O (VO)VO
" N, /g, T

T

- J

® Statistical uncertainty: ~0.1% by measurement of 150 days.

® Determination of N,and N, £ > 99.9%(4keV), £,=100%

Background of
~1% of simultaneous background
~35% of time dependent background
~110% of time independent background

Should be subtracted correctly.

® Density of 3He atoms - ~0.2%

® 3He(n,p)3H cross section - 0.13%.
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Timeline of this experiment

Month 3456 7 8 951011121 2 3 45 6 7 38 91011121 2 3 4

J-PARC
Beam 200kW

operation

Measureme

)

nts

Commissioning

SFC

TPC

Systematic study

s
\ —

Physics run
Physics run (High statistics)

Increasing size of SFC (16 times) >

Increasing size of aperture of TPC >

32



Correlation Terms at the Lowest Order
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B=2 14312
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Phys. Lett. B. 595, 250 (2004)

Correlation Terms at the Next-Lowest Order
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Phys. Lett. B 595, 250 (2004)
Correlation Terms at the Next-Lowest Order

Neutron pB-decay

Corrections in the Next Lowest Order

0.020
0.015

IBI
0.010 |
0.000 | IC.-Bl
-0.005 IC3I

IC1'a| IC5I
-0.010

|C,-Al
'0-015

IDI

-0.020

O 01 02 03 04 05 06 0.7
T. [MeV]
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A Possible Sensitivity to SUSY
—deca 4G — —

AB=—2™ 2 -Re|2(2A + 1)&(%&)* _ 8s (“iL J;aEiR )
E1+3A 8a\4LL 8v a v - - e
B-energy dependence in
neutrino asymmetry coefficient B W~ & supersymmetric particles
ig’ RS i
ABS 1 0-3 (maximal LR-mixing) "’ *‘\
d—b—%nﬁww: X : >
h U
CZV ”
LLv—p - e - ——
10-4-level s 1
aRR
S
accuracy may a .
T supersy etric particles
probe SUSY at
u
d — - - - >~ u

Ramsey-Musolf&Su, PhysRep456(2008)1
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3. T-violation
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TeVﬁ%iE%EDM

Energy

A

—~—

- ™~

(" fundamental CP—odd phases )

0 .dg dq W ]

TeV —— N - .
QCD d, |
. [ C .C
\ qe ‘/‘I
A \ | \
S |
\ |
\ |
nuclear !
|
Y
EDMs of EDMs of
atomic p.nmm.wmm (llcll]hl"llLtlL
atoms (T1) atoms (H")

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

relativistic effect
|dT1]<9% 1025 e cm

SM: |de|<~1040 e cm
|de|<1.7%x10-27 e cm

Title (P EFERAWERFE « B
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A

mulmn EDM |

dn~1. 'Ixe(O 5duc+ddc)+1 4x(-0 25du+dd)

valence quark contrlbutlon

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



Current limit
[e-cm]

Future goal

Neutron equivalent

Neutron <1.6x10-26 ~10-28 10-28

199Hg atom |<2x10-28 ~2x10-2° 10-25- 10-26
129Xe atom |<6x10-27 ~10-30-10-33 |710-26- 710-29
Deuteron

nucleus

~710-29

3x102°2 - 5x10-31




3.1. Electric Dipole Moment
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Measurement Procedure

search for the phase change when the electric field is reversed

(

W= 1 B g__dn __E
2z 15%107 15 *
i lectri
Fw:=2unB+2d:E © E [N ::fr Rw-=2unB-2dnE B E
Ad=) (w+w-)dt= ~
Adn= “/2
ET N1/2
ET=1 06 s kV/cm ET=1 06 s kV/cm
E=104V/cm, T=100s E=10°V/cm, T=1ms

Confined Ultracold Coid Neuti oii
Neutron Spin Diffractian in Single

:
Precession Freq. T
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Mag netometer R&D setup @ RIKEN ‘

— e
In progress for the atomic EDM . g

research at T...T. and RIKEN
as a Grant-in-Aid Program.

Rb vapor cell

E e Al hfulm__‘r

Goal sensitivity = 100 aT (=0.1fT) | (Y

" Magnetic shield

O s
r

Laser system | :
¥y

Hg Co-magnetometer J!é
We start the study with a Hg lamp e 2 5
using the infrastructure of the 3He 1

nuclear polarization R&D station at
the KEK/IMSS.

-~
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Magnetometer
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NEEE T2 OHg 5 — 2 — 38 nHEEE 3% PHg 7 — < — AL
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Frequency stability <40 kHz Absolute accuracy < 1 MHz
— Laser power 1mW /cm? — Power stability <3%

Laser setup and Cell test is on-going...
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HESEAVEEDMEE — gh=_(/2)

aEt N1/2
4 A . _ A
UCN Diffraction
ultracold neutron cold neutron
E~104V cm-! E~108-10°V cm-!
t~103s t~102s
Et ~'|O7VS Cm"' Et ~'|06_'|O7VS cm-'l
\ Et~106V s cm-! ) \_ J

J(@)=Ffo+ fsenw @+ feom(q)
fo=a

Ssenw (@) = ize‘un (Z-F(q)) 7 (kzx L
hc q
Foo(@) =122 (7~ F(g)) 24
n q

F(q)= [ p(g)e " d’r
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3.2. T-violation in Compound Nuclei
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mEaEKICH TS5 T-violation
f=A'"+B'o*l+C'o*k+ D' o°(Ixk)

neutron larget
Spin Spin O+ = p-wave resonance cross section in

neutron g L %

momentum O - = p-wave resonance cross section in

e ot
~y

—e—N

o

n

Transmittance
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Gudkov, Phys. Rep. 212 (1992) 77

T-violation gce/gp  P-violation
(7 [+1) 3 (21--1) V2I + 1(2v Iz — /21 + 3y)
K p— — = —
2" 22 \2I+3) (2I —3)\/2I + 3z — (21 + 9Ty

1.3 ( (21 + 1)VT ) 2T+ 1z + 21 — 1y

2 2v2 \ /I +1)2I —1) ) (I+3)V2I — 1z + (4] = 3)VI+ 1y
2 Lo/ y? = Lps/2
Ly L7
vy =1
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Candidate Resonances for the T-violation Experiment
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En [€V] witchell, Phys. Rep. 354 (2001) 157
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Y.-H.Song et al., Phys. Rev. C83 (2011) 065503
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e gr(gv) —gv)) , mn
dn In —~ ~ 0.14(g\® — g{®))
my 472 M

dy| <2.9%x107%ecm — gl® < 2.5 x 10710

d(***Hg)| < 2.1x 107 ecm — g{") < 0.5 x 107

A —0.185b
il 9 +0.26" — 0.00125(") +0.00345("

200t 200t

—~0.0071g% + 0.00355) + 0.00195® — 0. 000639(”]

106 102
0.5x10-19[b] = 0.5x104[b] = 0.5x10-2[b]
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3. Gravity

-Medium Range Force Search-

1
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Gravity

PROPERTIES OF THE INTERACTIONS
e, N interacton) EaaT I T e
| e ') L 2 gra\ t SO Wea k? , Eu\ndam,entgft-

See Residual Strong

Acts on: 7 Mass - Egergy Flavor - ElggtrigCharge Color Charge e e
Wl CAWVWIELY ‘ ¢ | -~ s, Be ; Quarks, Gluons Hadrons

Brticles medizting: - altog . Gluons Mesons

‘Sm..acmr;s‘la.:m.ng J0 Sg 8- ] h . - Not applicable
for two u quarks at: ST 10-41 60 to quarks

Not applicable

.Gravity is essentidl’at the Planck scale. to hadrons 20

“hierarchy problem”: Mcur~1024eV & Msu2)xu(1)~1011eV
Phenomena out of the standard model is existing.

Neutrino Oscillation. Dark E Dark Matt
Super-K, SNO, KamLAND WMAP
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Gravity

3-dim. Gravity N-dim. Gravity
m.,m m.,m
1" %2 1""72
F(I’) G 2 FN(r)=GN N1
continuity at r=R*
G, [ G,
R %2 = R *N -1 G R xN-3

If R* is longer than the Planck’s length, Gz becomes smaller.

Parametrization: V(r)=-(GM/r)(1+ae/A)

KK-graviton, which is emitted off our brane with the momentum
(a1, 9z, ....an) along the extradimension, looks having the mass |q]|.

momentum is quantized in the unit of 27 /L in the extra-dimension

-(2n\k\/L)r

V(I”) _G E

mm,

( ) [d ue™

(k. r r<<lL
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Possible Sensitivity of Multilayer Neutron Interferometer
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Approach : Photo-association

[M. Kitagawa, et al., PRA 77, 012719(2008)]
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Gravity

Dabbs et al., Phys. Rev. 139 (1965) B756
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g=9.74+0.03 m s S??ERE?\TLS-' | | / DETECTOR
" £ M e [11 3
ORR __-._ﬂ.__ e oA | L_l_ OOk — - —
‘ 21 G T — Cd SLIT | — I
3.944 | [//I j T~ . L—JBC 575in
e — 45 m = 4-in. Be—el__~ T3 0O Sy MT!T
——180.576 m - _ Et(’_'_) SWITCH
. Té{g‘j =9 SLOWER DETECTOR
-in. TRAVEL - -
ST LT
NOTE: NOT TO SCALE ol SWITCH
| T-CHANNEL
NO. SWITCH
MOTOR

Gregoriev et al., Proc. 1st Int. Conf. Neutr. Phys., Kiev, 1 (1988) 60
g=9.801£0.013 m s2
Jloc = 9.814 m s2

McReynolds, Bull. Am. Phys. Soc. 12 (1967) 105

|Ag| < 5x10-13go 9=9o+ Ag (0 *9)
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G raVity Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Mass Greene et al., Phys. Rev. Lett. 56 (1986) 819

n+p=>d+7 (crystal diffraction)
mn=1.008664919(13)amu
mnc?2 = 939.56564(28) MeV

Spln 1/2 direct observation of Stern-Gerlach effect

C.G.Shull, (1969) Int. Neutron Physics School, Slushta, 1969,
p.325, JINR 3-4981, Dubna, 1970

T

AE /% (4-periodicity) 3300
Kraan, Europhys. Lett. 66 (2004) 164

3100

a NEUTRON
Cs COUNTS

/

FIG. 1. A schematic diagram of the neutron inter-
ferometer. On the path AC the neutrons are in a mag
netic field B (0 to 500 G) for a distancel (2 cm),
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B -decay dI’ _ (GFVud)2(1+3Az)peEeE 2

dE dQdQ.” 2n)

DDy L p 1 <J> Pe . Pv . PxD.
[1+aEE bE+ i [AE+BE+DEE]]

Tp=750eV

@ .
D,

Te<782keV

K/In2
G: A1+A)A+M) f(1+6,) T,

' IVudl=0.97418+0.00027
N\ = G, GI=Gl(+AY)  £(148,)=1.71489+0.00002

2
Vud =

— G_"] G|2 G (1+AV)
(PDG2008)
Tn mean lifetime ™Tn=885.7+0.8 s
A — I N e'i¢ a= 1%;/% 5 electron-neutrino correlation a=-0.103+0.004
I)Jcosqb +AF
INI=1.2695+0.0029 A = 133007 electron asymmetry A=-0.1173+0.0013
= .06+£0.07)° IA [AS
¢=(180.0610.07)° , _ , ff:;‘};l neutrino asymmetry B=0.9807+0.0030
D=2 / ﬁ_ S;;;‘ﬁ T-odd D=(-4+6)x10-4
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Magnetic Moment
un=-1.9130427+0.0000005 un

Schwinger scattering RFZOBSEHRY BRI S80E
HEERNSILZFY O-LYYERICE DREFICBRIBPRATVS
mc ~ )
€ ep(r
E(r)=-V ——fd3r’ P
R
Borni&{bl &85 EFIc L ZER
o = _2.7’;12 Jdrem et - _255%0' Jdr e'”‘”’E(r)x(?V)eik"r
2€M, o (kxgq)
fSChW (q) =1 (Z — F(Q)) 7
hc q
iq'r 33
F(g)= [ p(q)e™ d’r

FAREF
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Electric Dipole Moment
) |dn] < 2.9%10-26 e cm (90%CL)

Baker et al., PRL97 (2006)131801

107"
1 0'20 = Electromagnetic
I N N B E 10-21 e
hw=-2u -B-2d -E O 102 Mies
P-odd T-odd = 10 —
c 10
T-odd observable E 107 e .é‘ =
in a static system £ 10°° —Hmeainne
— T-violation L. 10% ———= Supersymmetry
g 1028 L cosmological(baryogenesis) m—————
@ CPT theorem g— 102°
10
CP-violation 10" Standard Model

1950 1960 1970 1980 1990 2000 2010 2020
publication year
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Electric Charge

(-0.4+1.1)x1021 e Baumann et al., PRD37(1988)3107

2500

-— i —— 2000}

His | < 1500¢

10-30 A | 5 00l
S, -

< 500 |

’ 0 500 1000 1500 2000
60kvlcm & Position (um)

Sm——

width height deteclor

e

Sy .03 20

Sp .15 20 radius height E2 MSZ
MS; 003 20 [m) ([cm]) 60kV/cm

S,y .12 30 | Ly, 80 20

MS, 002 40 | L, 200 30

lan] < 2x10-18 e Littleton and Bondi, Proc. R. Soc., A252(1959)313, A257(1960)442
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Conservation Laws and Equality of Charges

Feinberg, Goldhaber, Proc. Nat. Acad. Sci. USA 45(1959)1301

. . [ /
EQi = constant in time Qi = alQi + bl Bi + C, Ll,
: '
EBZ. = constant in time — B,- = azQ,- + szi +C 2L,-

l /
ELZ. = constant in time L, = a3Qi T b3Bi +c5L,

J\u

CNSHEETEES . Zh5bEETS
Q=0 because of p+p—p+p+Y
Q=O Q=Qp Q=Qn

y(p+p—=>p+p+7y) p
' (p+p—=>p+p+a’) E Q" —=>p+a) A —=nta’)
K’ (K° — 27" E A +y)

K)(K)—=na"+a +x°)
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Electromagnetic Structure

Mean-square Charge Radius

<rn?>=-0.1161x£0.0022 fm?2

Electric Polarizability

a=(11.6x1.5)x10-4 fm3

Magnetic Polarizability

B=(3.7£2.0)x10-4 fm3

Neutron Electron Interaction

ane=(-1.4920.05)x10-3 fm

2

o(0) =|a + Zf(Si;lLH)ane
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Nucleon Scattering Lengths

neutron-proton scattering length

anp=-23.516(13) fm
proton-proton scattering length

Qpp=-17.25(16) fm

neutron-neutron scattering length

ann=(-18.5£0.4) fm d(m-,r)2n
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Antineutron

annihilation

nn > 1 (95%), K(5%)
(4.8+0.2)r (200-250MeV)

total cross-section for all inelastic processes (Epbar=450MeV)

pp 105mb np 115mb

cross-section for annihilation process

pp 85mb np 75mb

nuclear enhancement

reaction annihilation
Cu 126090 mb 104060 mb
Pb 3000250 mb 2010180 mb
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Neutron Oscillation

free neutron 7, ;. >8.6x10's (CL =90%)

L =wa ‘n1’2>=%(|n>i|ﬁ>) My =M, = om

_(n E, c’6m
w= n M = c’om E, . zczam
I[(t) =1(0)sin t
h
in (magnetic) field
(E,+AE  com n,)=cos6|n)+sin6|n)
c’om  E,-AE n,)=sin6|n)-cosb|n)
AE = u,B c*om’> . ,\ctom’ + AE?
25 I(t) = 1(0)—— 2smz\/ t
tan0 = ¢ om c'om”+ AE h
AE+\/AE2 + (c*0m)*
AE2 ) AET _ MnBL <1
m,=m,* p + 0m 7 i

bound neutron =

>1.3%x10%s (CL =90%)

nn ,bound

Date(2013/05/14) by(H.M.S
Title({EEPEFERAWVWERFE ¢ 3
Conf(SE70E{ZHINEREE> 5 —E

Labaratery for Particie Properties




