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%0Co parity violation experiment — Wu et al. 1957
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60Co parity violation experiment - 2 |
Wu et al. 1980 1980 experiment;

with much improved setup and
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L.M. Chirovsky, C.S. Wu et al., Phys. Lett. 94B (1980) 127 & Nucl. Instr. & Meth. 219 (1984) 103



60Co parity violation experiment - 3

Severijns et al. 2009 in 13 T external polarizing field;

used Geant 4.8.1 to account for :
- detection geometry
- magnetic field effects
- scattering

collimator

feed through

Si p-I-n diode
(500 um, I =9 mm)
operating at 10 K

Leuven 3He - “He dilution refrigerator set-up
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F. Wauters, N. Severijns et al., to be published




Superallowed 0+ - 0+ pure Fermi transitions

nucleus dependent nucleus independent
corrected ft-value for T f (1 Y )1 5 5c) K
superallowed t= 1l 40 T ONs — Oc) = 5 = ;
K 2G2V2 (1 {20)1 + AY)

pure Fermi transitions : ‘/ —
\ calculated €—
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°C Mg PRV Ft = 3071.81 £ 0.83

MD 28ﬂ|m 34Ar EDMn EEGa ?4Hb _

*Cl 2S¢ *Co . (M)LRS-models
e W; =W, cosl - Wi sing
} _ I W, = W, sinf + Wk cos
{ ¢ }j}{} { . 5= m,2/ m,2
oA v
0 20 a0 @ ¢ = -0.00003 = 0.00030

Z of daughter
* Very strong restriction on value of

J.C. Hardy & I.S. Towner, Phys. Rev. C 79 (2009) 055502 L-R mixing angle ¢
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Longitudinal polarization of positrons

experimental quantity

Pe/Per = 1 - 884  with: Pg (Pgy) beta particle longitudinal polarization
in pure Fermi (Gamow-Teller) transition

1e+08 ' r — - v -

pseudosinglet
=i —
- N™: B anti-parallel P
B

positronium (Ps) hyperfine spectroscopy:
populations of Ps hyperfine states depend

on beta particle longitudinal polarization \hm? r

— N*:B parallel P

... pseudotriplet

results fes0s k 1
i triplet ]

P14O/P10C — 0.9996(37) 1) 16405
3
P26mA|/ Pgop — 1.003(4) 2)
I:)26mA| & I:)25A| 3) 1e+04 1’.:'} 1.[]' Elﬂ ‘ EJEI' ‘ 4?] -5;3 ‘ E}J
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2> -4x104< 8 < 7x 104
1) A.S. Carnoy et al., PRL 65 (1990) 3249, PR C43 (1991) 2825

2) V.A. Wichers et al., PRL 58 (1987) 1821
3) M. Skalsey et al., PR C 39 (1989) 986



Longitudinal polarization of positrons emitted by polarized nuclel

- - ositronium (Ps) hyperfine spectrosco
experimental quantity P (Ps) hyp P Py

R=P/P" = Rgy[1+KkA] with : P- (P*) is B particle longitudinal polarization
> for B's emitted opposite to (in the direction of)
A=(o+C(C) the polarised nuclear spin vector

(P° for unpolarized nuclei)

dilution refrigerator

B spectrometer coil

polarimeter magnet

polarized 197In sample at 10 mK

Solenoid

{6006) Polarimeter

(9.5kG)

Refrigerator

Magnet
(3.16 kG) |
% *\n
10 mK B P 2 u
& . -1)
Fe foil B, X k5alre

NS el

6/22/2009



positronium (Ps) hyperfine spectroscopy used
\ example of 197In positronium time spectrum)

\ f\ PS & diect anniilation I | '
| 103 Lo . i
Results : : ii q ‘ MgO and Al time spectra =
observable nucleus (6 +)? 105 4 A~.  MgOPs- time spectra (up & down) +
”) ; / PT e
P-/P*  1%In  -0.0003(58) ") E | / —— ]
P-/ P* 12N 0.0064(76) 2) a3 " f/ e
P-/ P+ 12N .0.0001(34) 3) © -
P-/ PC %1n  0.0021(17) %) : Al response functions up&dmwn}_
average 0.0017(14) 10" WM WWM W
] 1 ﬁ
/ 100 | 55 ‘ |
My, > 320 GeVic2 (90 % C.L.) Time (nsec)

1) N. Severijns et al., PRL 70 (1993) 4047, 73 (1994) 611 3) E. Thomas et al., Nucl. Phys. A694 (2001) 559
2) M. Allet et al., Phys. Lett. B363 (1996) 139 4) N. Severijns et al., Nucl. Phys. A629 (1998) 423c
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Neutron decay

3 observables: depend on 39, §, A=g,/d, and V4

K/In 2
GEV2 (1+Ap(1+303)(1 = 2¢)

wud

-lifetime z,;  fu7mu (1 + 6g) =

- beta asymmetry A in polarized neutron decay

| AP+ A
Ars=Asy[1-282—-a;2—-a,8c]  with Ay =2 —=—0.1175
1+34
- neutrino asymmetry B in polarized neutron decay
A=A

Blrs=Boy[1-282—-1.21¢2-2.428L] with Bgy = 21+3/12 ~(0.9875
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neutron lifetime =

Data set dominated by two strongly differing results:

T, = 885.7+0.9,,+04,, S Arzumanov et al., Phys. Lett. B 483 (2000) 15

stat

difference of 6.5 stand.dev. !

T, = 8785+ 0.74, +0.355 S Serebrovet al., Phys. Lett. B 605 (2005) 72

Note: - both results obtained with material storage of neutrons (special wall coating)

- new measurement with magnetic storage @ ILL (Ehzov et al., to be publ.)
in agreement with Serebrov et al.

N. Severijns, 2-5 April 2007, ECT



B asymmetry A in polarized neutron decay
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PERKEO-II setup — H. Abele et al.
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Results :

A, (PERKEO Il) = -0.11933(34)
(average of 3 results)
H. Abele, Prog. Nucl. Part. Phys. 60 (2008) 1

(hyperbolical region in (8, {)-plane)



neutrino asymmetry B in polarized neutron decay

o 106
g - » PERKEO IIB Result _
= 104l — Mean Value: B = 0.9807(30) Most precise results :
E? m*:—
it B, = 0.9801(46)
E i~ |4 A.P. Serebrov et al., JETP 86 (1998) 1074
— [ ]
0.08— - -}
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0.96/— M. Schumann, H. Abele et al.,
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experimental quantity :

w.avg.: B, = 0.9807(30)
My, > 280 GeV/c? (90 % C.L.)

Birs = Bsy[1-282-1.21¢2-2.428C]

Boy = 2 (A2-4)/(1+3)\2) =0.9875(1)
with A = ga/gy = - 1.2699(7)

(elliptical region in (8, {)-plane)
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combined limits from neutron decay (z,, A, B)

Z0.10- * =0 )
=0 + 90% CL - |
% I . 50% CL . | S T, . Serebrov et al.
= 0.08- =
i 300 = A, : 3 PERKEO Il results
- (hyperbolical region)
0.06 -
- 350 B,: world average
0.04L 400 (elliptical region)
i 1450
I 1300
0.02- 350
- ' " in principle very sensitive but
0_ _' e v b v e b l - \ unfortunatel
-0.25 -0.20 -0.15-0.10-0.05 -0.00 0.05 0.10 y
Mixing Angle £ very large uncertainty due to
steepness of allowed contour
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Neutrino asymmetry in polarized nuclear beta decay

B M =—0.779(6)
N

| B,(YK)=—0.755(24)

only 5% precision -

very difficult to determine
nuclear polarization precisely !

6/22/2009
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37K — D. Melconian, J.A. Behr et al., Phys. Lett. B 649 (2007) 370
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shapes of differrent constraints
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Relative measurements.

Absolute measurements.

A, (old contour)

%0.1

unitarity of CKM matrix

200
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P~/ P* or P /P? with polarized nuclei
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(M)LRS-models
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Complimentarity of betadecay RHC results and collider results,
In general LRS models

Th AT AT T
- .--‘-1-. P

bl

L
- Lo

e e s s

=.' w w - - '."’"‘""“—' [+

RAZRKS "%

R RRRLRRAA

R R rC R R R R R

2508 SRS
resatelelteteleleleted

K IS S

SO IS

XIS

peseleteteledelelerele

SRIHILHLSHINK

af0T0%ed0 %0200 %0%0%

2RISR

XISIRLELRY

¥ .#ii

Y
*
2o

&

$
$
9.
4+

L/
o
.

()
S
X
el
£ )
&
“‘

()

&
:\v

&
’

&
9%
XX

%
0
i

Yole!
%

58

5

.‘
s
5

2

:"b
545
5

L
4‘{*

Y
&
9’

%S

+

¥

* 4

' ¢:+

&

.*

0%

e,

o
XX

X

¥

N
:i
%S
000,
%
X
50
.
S

9

5
8

J
>

I VW
*1
*i

s, M. Mgl PULINE N e e Cal N WL R
O L T

500 1000
M(W

R IR
¥ W, iy . - e A
Trranats atele atal avet s iwlet et et .

. o e P e i o

AN N DAl WU NG el AR i G N G i s i

PDG (DO exp.)

3, - L TO R B T T LY L BT T e P
B At N e,
T T T e T D P P O L I e T T R O DR e o e R R

5 G R I X I

. L
£ o s 7 g
o

nuclear
f—decay

L]

7 N

PDG (CDF exp.)

nuclear §—decay

1500
2) (GeV/c?)

KrL = Or/ 0L

shaded areas

are excluded

50 100 150 200 250
M(We) (GeV/c?)

}"RL — VudR/ VudL




Conclusion and prospects:

1. RHC constraints from B decay and collider experiments are
complimentary in general LRS models.

2. Neutron decay: B particle and neutrino asymmetry parameters

A0 = A, (1-257)
B = By, (1—-25?)

Combined limits in principle very sensitive, but large uncertainties due to shape.

-> restrictto B, and improve precision (e.g. PERKEO III')

e.g. if 4B, = 0.0020 - 400 GeV/c? sensitivity (90 % C.L.)

if 4B, = 0.0005 > 565 GeV/c? sensitivity (90 % C.L.)
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Relative beta polarization measurements with polarized nuclei

X |:ﬁ2 _ Aex :| 1+ Aex
R = —R{l 'BAep(5 C)} with R, = 2 p[ p]
ﬂ Aexp |:ﬂ + Aexp:||:1 - Aexp]
sensitivity
factor k
=L P A (cos@
(>> for B2 =Acp !) Ay =P < >
B=vic; P =nuclear polarization
Isotope k sensitivity to
My, [GeV/c?]
(90% C.L.)
L7F 32.2 604 - o . .
= similar precision achievable as
Na 12.5 477 > |
25A] 15.7 505 In measurements of B,
41Sc 18.8 528
2N 17.9 522
107]n 25.7 571

(for P =0.80, and a 1% precision on R/R;)
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4. Theory

New V, A interactions can arise :

- In left-right symmetric models,

- In models with exotic fermions,

- In models involving leptoquarks, and also
- In composite models.

For all these models

improvements of the beta decay limits on o and/or C
(or more generally agg and/or ag, in the so-called helicity projection formalism)
would provide new information.

P. Herczeg, Prog. Part. Nucl. Phys. 46 (2001) 413

6/22/2009



