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Exp.: C.S. Wu et al., Phys. Rev. 105 (1957) 1413.
y-decay: 81Ta N. Tanner, Phys. Rev. 107, 1203 (1957).
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Anapole moment: Ya. B. Zeldovich, Sov. Phys. JETP 6, 1184 (1958).
C.S. Wood et al., Science 275, 1759 (1997).
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FIG. 1. Decay scheme of '®Hf.

1804f; K.S. Krane et al., Phys. Rev. Lett. 26 (1971) 1579.
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Armco Iron

Magnetizing coils

B END

Lead shields

1-4 HpGe detectors

Fig. 7.11.  The Four-prong polarimeter. In the centre of the polarimeter the water-jet
target assembly is schematically shown. (Bini et al., 1985.)

proton
counters

22Ne gos cell o

proton beam

Fig. 7.13.  Schematic view of the Seattle '°F PNC experiment. The four proton
counters view a thin carbon foil onto which a layer of Au has been evaporated. An on-
line computer monitors continuously the transverse polarization by comparing the
scattering yields from C and Au. (Adelberger and Haxton, 1985; Earle er al., 1983.)
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Parity violation In neutron absorptlon CRCIEEY e

“mw -;n : . _‘—I

The doorway state for parity violation interaction is spin-dipole |

resonances (isovector and isoscalar). Wi 2 g s g Akl ot o
Therefore, statistical treatment is essential to analyze the PNC effect. vk e paay g I i 8 ke ricnl o the

ratio from 1.0 near the center of ihe resonance . Represenia-
tive errom for the uncertalniies in each dala poiat are drawn
in on data points in the poak region and outside the peak
Spin-dipole strength spread over many .

states
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Electric moment : D=oar
Magnetic moment: u= g o
Anapole moment: t=xu X D=x oXr
=K op
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Desplanques, Donoghue and Holstein (DDH) [1] as

VPNC( ,J) == ‘f'f/';” (Ti;Tj) (O'i 2 ¢ Uj)'ur(r)

T + T (37F7F — 1i°75)
e (), i)

X((g; — ;) v,(r) + (1 + xv)(n K‘T])llp(l.‘)) — Jw (hﬂr + h:.l + (Tt' ‘;Tl)l)

({0 = 03 vale) +3(1+ xs)nxm)uu () - (auhl, = gphh) + (25

x(o; + g;)v,(r) - g,h" (T—;Q)l(m + 05)u,(r).

Weak coupling

0 1 0 1
Z .Tc,p,co fﬁ’ hp’ h]) ’h ,h@,hm




Parity -violating 7S -6S Amplitude in Cs

7S1 /2
T (75,,|D[6S,,) = 0

f%‘% Electric-dipole transition is forbidden by the parity selection rules
651;‘2

Weak interaction leads to an admixture of states of opposite parity
(H,, is a pseudoscala)

<mP|;2|Hw |6S1;z>

|6S”-2} = |651;2> - Z | mPI.-’E)

E55 /E e,
7512 Similarly for |7S,,,)
i
‘ Eone =(75,,,|D|6S,,,) =
65,/
1'2 2 (?51,2‘D|HP”2><FHP,H‘HW |65”2> C.C. (6512 «—751/2)

m Eﬁ'S / E”'PIri



C.S. Wood et al., Science 275, 1759 (1997)
C.S. Wood, Can. J. Phys. 77, 7-75 (1999)

A Stark-Interference Experiment

Schematic of the Boulder PNC apparatus. A beam
of cesium atoms is optically pumped by diode laser
beams, then passes through a region of perpendicular
electric and magnetic fields where a green laser excites
the transition from the 65 to the 75 state. Finally the
excitations are detected by observing the florescence
(induced by another laser beam) with a photo-diode

—Im(E1,,)/B (mV/cm)

1.75

1.65

1.55

1.45

1.35

JILA '88 (6)




Weak Charge of  '33Cs (as of 1999)

Weak Hamiltonian: a
Overwhelming contribution comes from Haw = O. X it ~5 Prmel(T)
axial-vector e and vector nucleon currents VB

Atomic Experiment E i Qy =-72.06(28) . (34)
Atomic StructureTheory E, . /Q,, W ' exp. theo.

StandardModel Q, =-73.09(3)
Qe # QM

2.5 deviation (7?77 new physics, other corrections 777)

New physics :
extra Z bosons, scalar leptoquarks, four-fermiorcontact interactions, etc

Experiment: Wood et al., Science (1997); Bennett and Wieman PRL (1999).
Theory: Dzubaetal., PLB (1989); Blundell, Johnson, and Sapirstein PRL (1990);PRD  (1992).
SM calculations : Marciano and RosnerPRL (1990); Groom et al Eur.Phys. J(2000)



Deviation from the Standard Model in

PNC wit

h 133Cs

0 =0.53% (Gﬂm =0.35%, 0,,., = 0.4%)

1999 Based on 10 year-old 2506 Bennett & Wieman 1999

theory by Dzubaet al. and

Blundell et al

Breit interaction -1206 Derevianko (2000) , Dzuba et al
(2001), Kozlov et al (2001)

Vacuum polarization +08 ¢ Johnsonet al (2002),
Milstein & Sushkov (2002)

Neutron skin -040 Derevianko (2002)

Vertex correction 4156 Kuchiev&Flambaum (2002);
Milstein et al (2002)

Total deviation ( October 040

Part of today’s talk




Neutron skin/halo correction

]

]/5 an-:-utn:-r.(r) i Z ( I -4Si"29w) ppf-:l:c-n(r)
\-'\'-'/

small

008

From Vretenar, Lalazissis and Ring PRC, 62 045502 (2000)

LIREE]

nuclear density (fm™')

0.0

£ {{m)

Nuclear-structure calculations differ by afactor of four for ARyp = Ry - Rp

Corrections tc}Qw :020-080c

Nucl. Str. cales : Pollock & Welliver, PLB, 464 177 (1999); Vretenar, Lalazissis and Ring
PRC, 62045502 (2000); Panda & Das PRC 62, 065501 (2000).



Neutron skin/halo correction

5 - w'z oo | 22U Experiments with anti-protonic atoms
" J8
' bl .
- 1 (?%?L“ : M“an =(-0.04£0.03) + (1.01£0.15) NAZ m
Pt -

From Trzcinska et al.. PRL 87 082501 (2001)

For 133Cs ARpyp=0.13(4) fm

005 0.1 06 02 D25
(N-Z)iA

Fortson, Pang, and Willets, PRL 65 2875 (1990)

,ﬁEn'S' 3
— e __ 2 (aZ)2 = -0.0019(6), i.e.-0.2% (-0.40)

Epne 7 Rnp \
Error bar of 30%

AD Phys. Rev. A65, 012106 (2002)

Also, A. Krasznahorkay, M. Fujiwara, P. van Aarle, H. Akimune, I. Daito,
H. Fujimura, Y. Fujita, M.N. Harakeh, T. Inomata,
J. Janecke, S. Nakayama, A. Tamii, M. Tanaka, H. Toyokawa,
W. Uijen, and M. Yosoi, Phys. Rev. Lett. 82 (1999) 3216--3219.

ARy,




Accurate atomic calculations (modern

example)
m van der Waals interaction
= e | ,-"'”
2 A
= 4 Ce  Cs
E o /(R _F_F+{1F]
E nrs
= C, may be determined from experiments with
e L i (ultra) cold atoms
R [bohr)
1.5
Cs
1.0+
— 54
£
s 0.0 F--==- i T e e & -+ Expenment
i
> -0.5
A _
-1.0- %\“x\
o L 1999 results
Nl.a | F:Ib CIE

Calculations: Derevianko, Johnson, Safronova, Babb,Phys. Rev. Lett,, 82, 3589 (1999)



Reduce theoretical o1t00.1%?

We need accurate atomic-structure data
-- Energies (known exactly)
-- Hyperfine-structure constants (almost exactly)
-- E1 matrix elements (pre-2002 0.2%)
Smaller correctionsto Ey,
HFS constants, Energies, E1 amplitudes
Better many-body method o
-- CCSD + IV MBPT (immediate work)
-- GVCC, CCSD+STEOM (future work)



APV in chains of isotopes

10
Pb
°
@ Hf o He
£ Yh ® e
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e I F 5§ * § % § ¢ |
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nuclear charge Z

(J Atoms with Z < 50 may be of immediate interest at present
U Since Epy o« Z3, “accidental” degeneracy scenario is required

Derevianko and Porsev Phys. Rev. A 65 052115 (2002)

133
from “Cs

I8



APV in chains of isotopes

Ratio of PNC amplitudes for two 1sotopes N and N'=N+ AN of the same element

PN':. QH ‘ / ’ . . ok )
R = B O 5 (R T ) No atomic structure uncertainties !
PNC_ Xw

Constrains on “new direct physics™ (the tighter the better)

Sh™ ,8(R,~R!
5= N (NJ OR 3 (pzy SR R))
B TAN\Z)| R 7 R,

Fortson ef al 1990 — enhanced sensitivity to uncertainties in neutron radii R,

Experiments with anti-protonic atoms

=(-0.04+0.03)+(1.01+0. IS)TZ-tm

— np

From Trzcinska er a/., PRL 87 082501 (2001)

0.2 ..I..- ...... . -i 1?



W.C. Haxton et al., Phys. Rev. Lett. 86, 5247 (2001).
290  HAXTON ® WIEMAN W.C. Haxton et al., Phys. Rev. C 65, 045502 (2003).

iam(133Cs)=0.090(16)

-2 2 4. 6 8 10 12 14
f,-0.12h,' - 0.18 h,'

Figure 8 Constraints on the PNC meson couplings ( x 107) that follow from the
results in Table 4. The error bands are one standard deviation. The illustrated region
contains all of the DDH reasonable ranges for the indicated parameters.
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Expected asymmetry -5 x 108 T
Y ray emission
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Longitudinal Asymmetry

P
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Spatial inversion /

106 -- 107
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LANL, SIN, LBL, LAMPF, ANL

Circular polarization

T4 Y

Photo emission from polarized nuclei

Py, Ay : 1°F(1.081 MeV), 18F(110 keV),
?INe(2.789 MeV), 180Hf, 181Tq,

. Mainz, Queens, Seattle/Chark River,
) (L’ Grenoble

/P' Gatchna, Cal Tech/Seattle, Florence,
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Armco Iron

Magnetizing coils

B END

Lead shields

1-4 HpGe detectors

Fig. 7.11.  The Four-prong polarimeter. In the centre of the polarimeter the water-jet
target assembly is schematically shown. (Bini et al., 1985.)

proton
counters

22Ne gos cell o

proton beam

Fig. 7.13.  Schematic view of the Seattle '°F PNC experiment. The four proton
counters view a thin carbon foil onto which a layer of Au has been evaporated. An on-
line computer monitors continuously the transverse polarization by comparing the
scattering yields from C and Au. (Adelberger and Haxton, 1985; Earle er al., 1983.)



01, -6y

= 2eT(M1)/T(E1) or 2e T(E1)T(M1)
O + GR

E1 excitation M1 excitation

Direct counting of NRF vyields

Both E1 and M1 excitations are used.
Self-corrections for experimental error
Circular polarized beam with high stability and
High emittance is needed.

/

Av =9 <¢J-|Hpnc| ¢J+> T(EL)
|Yr> :( Ex T iSy) exp(ikz) V= E+ - E. T(M1)

10 - 100 keV -

oW e

1eV

[n> = (ex — ley) exp(ikz)
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Flux density (ph/s/mr?/0.1% b.w.)
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Summary

1. Brief History of Parity violation Studies:
New physics beyond standard model

2.

3. NRF experiments with a circular polarized
v-ray beam

4. New formula for Ay

5. Works are now In progress:
FIRL: H. Ohkuma, Y. Arimoto, Tamura,
S. Suzuki, et. al.,
NRF: K. Kawase, M.F. H. Ohkuma, et al.,
Theoretical considerations (A. Titov,
M. Fujiwara).
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New great applications for science
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Concept of Far Infra Red Free Electron Laser (FIRFEL) for BCS

== 102 photons/sec

Injector ~ Decellerator

Gun &Beam Dump Im
Optical Resonator
RFPS Outcoupler
Compressor Mirror P

Mirror

FEL Output

43
Control
ontro ompressor Eacc:SMV/m-7MV/ma
0.5GHz

7.5-10.5 MeV, 1.5 m (acceleration Length)/5 cells,
0.5 kW FIR, wave length 50-100 um




Photon Flux Density [photons/s/mrad?®/0.1%BW/mA]

[

[

[N

[y

Photons from SCW

2 10%

.8 10"

.6 10"

.4 10"

1 10%

8 10"

6 10"

4 10"

2 101

E, = 86eV (1/y =

SoW 10T (e,

0.4

'ﬁ(o

0.6

64urad)
= 0.43MeV)

0.8
A4

1

W1ggler hght

o/o
C

©

uoryeziaejod Jo 9aabaq

8 GeV electron beam
=1

(b)

shiellji
" 120 mad /
Wiggle, ligh =
3_].'2"’ 3008.17 6 fs
1
g 13587 s
3/27 y 62 fs
1/2- LY Yly109.894
12 E * Y — 0.591 ns

1

NRYF gray

arget oscillate

6 mm

Ge detector



20m

! m
- S -
- ] ]
E i D
= ! h ]
B GeV 'I.ﬂu‘“ﬂ , ) t :: Uphhalhuli‘h
beam é,‘lk : o il = . Me-7
I, FIR laser beam  Front end : i |
¥yd
Interaction
Laser clean room
itn hear
ek Bt
Aluirivam ey o Thenon kenm
vucuuE Ll ’ : Iy ;‘-4:- u
" o WA
S, Hunad)
sy
o
o
Aty
‘."
il
i’
&
: y
T, 4 fan alsoebe.
E. beain : o {Mategiak Glid-Lop)

mmping
Facoon beam
‘Bweepragle: TLwaxdl

D gy o R ECO: L —H—
L—Y—H{EBAF T /\—

EhEERCDy L—H— & L Tl RS L—HF — L AT L



M1 El PNC

K.S. Krane et al., PRL 26, 1579 (1971).
PRC 4, 1906 (1971).
B. Jenschke and P. Bock, PL 31B, 65 (1970).

E.D. Lipson, F. Boehm and J.C. van den Leeden, PL 35B, 307 (1971)
W.V. Yuan et al., Phy. Rev. C44, 2187 (1991).
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Parity violation in neutron absorption 1 L g
08
2
In NRF ... . wy
0.4
The doorway state for parity violation interaction is dipole =k
resonances (isovector and isoscalar). .
Therefore, statistical treatment is essential to analyze the PNC effect. 02 |— e
1— % i, J
1* Spin-dipole strength spread over many E
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PNC transitions in np-system

(=0 (=1 ~1-0) (=3
1&% 3P0 1Pl }Aﬁ 1SO

(I=1) (1 =0) (1 =1)
E1l 3p 3g, 3 El 3p
y 012 1+°Dy ' 0
(l =0)/.v (1=0) -, (1=1)
Ml .0‘ "0.
1 P ’0‘ .0”
L7 ML(z) .,
& M1 ‘A
. () 31,3p,
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3p,
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>

we found a principle possibility
to find constraints for PNC coupling constants
using only the simplest nuclear object: np-system

E, —Eihr =0
~ /7/
£
g

| ettt L
2 4 6
f,-0.12h,' - 018 h,

E, — Eghr ~10MeV



PNC asymmetry:polarized beam and unpolarized target

M1®AEL, + E1I® AM1y, + E1I® AM1
ARLC (E)) =2 : 2 ;

M 12 + E1°
| AMX(7r) |=| oy + 79 |<<| 1.2 |




Total cross section of deuteron
photo-disintegration
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M. Fujiwara and A.l. Titov, PRC submitted October 2003.





