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1. Ft9"> 0% b bubbers)

2. Pv-correlation coefficient a
- neutron : aSPECT

TRINAT / TRIUMF

Berkeley MOT (K. Jungmann)
KVI (K. Jungmann)
LPC-TRAP / GANIL

WITCH / ISOLDE

- nuclei :

B-asymmetry parameter A
- neutron : (D. Dubbers - S. Paul)
- nuclei : Leuven — ISOLDE

3. symmetry tests
- parity
-TRV : - EDM (K. Jungmann)
- D (J.pxp,; V,A)

- R (o.Jxp,; S,T); neutron R-TRV / PSI
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How it started:

0 -t puzzle: one particle!? / P-violating decay !?

Oct.1956 Lee & Yang: P-violation in weak interaction not yet tested !

PR 104 (1956) 254
Ble Magnetic [ ( ) ]

¥ Jan.1957 Wu et al.: 60Co B-decay P- violating !!
I [ PR 105 (1957) 1413 ]

60

T

CCo—-Ni+e +7,
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B-decay Hamiltonian (Lee & Yang) :

Hglg = (pln) [e 1 (Cs+Csyps)v]

@) e 7, (Cy + Cy 75) v

1 _ _ '
+ E(pO'ﬂvn) e 0,, (Cr + Cr ys) v ]

@) [ 7,75(Cq + Cy y5) v ]
+W]

with y; (i=1,2,3,4) Dirac matrices (y5 = y7,7374)

and 0, ==V~ V2

P-violationif C; #0 and C; # 0
T-violation if Im(C’/C;)=0
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the Standard Model and beyond:

*

*

*

C, =1 (cvc)
C, = -1.27 (gal/gv =-1.2699(7) from n-decay )

C,=C, & C,/=C, (maximal P-violation)

*

*

Cs =C, =C; =C;/=Cp, = C, =0 (onlyV-and A-currents)
experimental upper limits:

for right-handed exoti li
(neutron and nuclear B-decay) or right-nanded exotic coupfings

0.1F

c'/C,|<0.09 005
¢ /G|<007  ©5%CL) b
-0.1%—

from: N. Severijns, M. Beck, O. Naviliat-Cuncic, cJ/C
Rev. Mod. Phys. 78 (2006) 991 v

no time reversal violation
(except for the CP-violation described by the phase in the CKM matrix)
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distribution in
- electron and neutrino directions andin
- electron energy

from polarized nuclei :

o (7} E,.Q,.Q,) dE, dQ, dO,

« F(&Z,E) p,E, (E,—E)*dE, dQ, dQ,

Fermi phase space
function

Do 4
EE . Fierz p-asymmetry
ey correlation interference term
+ ( b=0in
C standard model )
<+ ~
: , nucleus \ X
‘ \V; J,D, Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206
c
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1. 3t-values of 0* 2> 0* superallowed Fermi transitions

Ft = ft(l+dp) (1 —dc) h 3074.4(12 1.2
: ft{ OR ) O¢r ) 115;-_1: l—l—,l = 4(12) s (1:2)
3100 | 1 1 1 1 1 1 _ j
"“Rb Z V2+V2+V>=0.9987(11)
3090 _ A -
7t (s) Mg *Ar (with new values for V )
Q
= o] 42 -
3080 | fcfv
3070 - } ZSA% s % i i { } -
10C 140 Cl K suMn 54Co -
3060 1 | 1 ] L L 1
10 20 30
Z of daughter

(') Towner and Hardy (0*->0*), PRL 94 (2003) 092501, PR C71 (2005) 055501
(2) Savard et al., PRL 95 (2005) 102501
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physics information from the 0* - 0* Fermi transitions

Ad 1. Left Right Symm.-models
1. right-handed currents: W, =W, cos - Wk sing

W, =W, sin{ + Wg cosg
-0.0005 < £ <0.0015 (90% C.L.)

& =my?/ m,?
2. scalar currents:
ce'. 0.50 |-
, {5
0.25 I~
0.005 < Re| S55%5 | < 0.011
Cy
0.0
(90% CL)
-0.45 |-
-0.50 |=
| | 1 1

-0.50 -025 00 0.28 0.50

Ad 2: scalar currents R,_[_C_s_]
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2a. Bv-correlation

a
with y=+1-(aZ)?
ym,
1 + b E

e

2 2
G |7 +[Cy |
2
| Cv |

2 )
| Ct [* +|C |

2
| C A |

et
<+
; , nucleus
0
¥ Ve
bF = Re CS T CS
Cvy
bGT = Re CT b CT
Ca

(assuming maximal P-violation and T-invariance for V and A interactions)

recoil corr. (induced form factors) ~ 10-3

; radiative corrections ~ 104
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recoil ion energy spectrum :
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aSPECT experiment (FRM-II Miinchen)

(Mamz Budapest Karlsruhe, Minchen, Sussex)
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proton spectrum wy(7p)

aSPECT - proton spectra

an-wavg =-0.103(4) (PDG)

- about factor 10 improvement
necessary to have same sensitivity
to ga/gy as A,-parameter

- sensitive to Cg and Ct
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* Proton spectrum looks ok, Countrate ~ 500 Hz

» Signal to background ratio > 10:1

» Proton Signal not well separated from electronic noise
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Count rate [s" / channel]
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Extraction of a

after background subtraction

" AP voltage: 50V
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* Fulfills requirements for statistical accuracy

* Instabilities (Electronic Noise?)
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traps for correlations in nuclear beta decay

isotope trap meas. lab
21Na MOT ar LBNL N. Scielzo, S.J. Freedman et al., PRL 93 (2004) 102501
38mK MOT ar (2) TRIUMF A. Gorelov, J. Behr et al., PRL 94 (2005) 142501
6He Paul agr LPC/GANIL  |R. Rodriguez, O. Naviliat et al., NIM A565 (2006) 876
35Ar Penning ar KUL/ISOLDE |M. Beck, N. Severijns et al., NIM A503 (2003) 567

21Na, "*Ne, 22Mg MOT a D KVI G.P. Berg, K. Jungmann et al., NIM B204 (2003) 52

82Rp MOT At LANL S.G. Crane, D.J. Vieira et al., PRL 86 (2001) 2967

() =0.5243(91)  Scielzo et al. PRL 93(2004) 102501

(2 = 0.9978(30)(37) Gorelov et al. PRL 94 (2005) 142501

. e gINeL

/
ring
electrode

Penning

[2VC [0U T pesiy
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ISA|C Ion | beam

Collection chamber

search for exotic scalar couplings with 33MK (J.Behretal.)

Bmp s BAr+ et +v

superallowed 0* - 0* pure Fermi transition (t,, =0.95s)
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a= =0.9981+0.0030£0.0035 — < 0.097
1+ ’neb | C |
Y ~
E, (A, =1) (90% C.L. = 1.650)
T Lo Lo Lo
s 1] T=258-2.75MeV, 1 of 16 bins —— MC
10" 4 ° all
. ions [
- Z10°
=
| | o 101
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| | S, Nopll el 0 T n MY g
= I I IJWL—II - U = fiﬂjﬂﬂ
A. Gorelov, J. Behr et al., o —2
Phys. Rev. Lett. 94 (2005) 142501 I S — —
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» search for exotic tensor couplings

« candidate
Pe * Pv 6 61 : _ _
(1( ) in a Gamow-Teller transition He — L' ‘|' € ‘|' Ve
E.FE,
806.7 ms
- - 0+:T=1 0
standard (Axial) exotic (Tensor) 6
v = 2He
¢ e \ Qg =3507.8
\ A \
i T
' \v \ r 100% 29, 1%:T=0 0 stable

5 -
oLl
the signature is in the ion recoil spectrum ] _
— * general principle

tensor
05

 produce ®He nuclei

arbitrary units

« trap the ions (requires beam cooling)

) « measure recoil 5Li TOF (Egx<1.4 keV)
0 02 04 06 08 1 12 14

ion recoil momentum (MeV/c) O. Naviliat



cooling /bunching
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first results from LPC-Caen trap at GANIL :

Counts

12007 —— Experimental 04 V-A theory |
1000 results .
_ s . _ 03 |
o Simulations
600 02+
400
i 0.1
200
O o i [t oS e [ | | | '
400 600 800 1000 00 05 10 15 20 25 30
Time-of-flight /ns time of flight (micro sec.)

- 2005: proof of principle

- 2006: first data
- difference between experiment and simulation due to main systematic effect, i.e. rf-field
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WITCH double-Penning trap system at ISOLDE-CERN
K.U.Leuven, ISOLDE-CERN, Uni Munster, GSI,”NPI-Rei (Prague)

Weak Interaction Trap
for CHarged particles

cooler & decay Penning traps
+ retardation spectrometer

search for exotic scalar/tensor couplings
in the beta-neutrino correlation by
recoil ion energy spectrum shape

WITCH-Collaboration:
S. Coeck, V. Kozlov, M. Herbane, M. Tandecki, N. Severijns (K.U.Leuven);

M. Beck, P. Friedag, C. Weinheimer (Univ. Mlinster);

F. Wenander, P. Delahaye, A. Herlert (ISOLDE-CERN);

D. Beck (GSI-Darmstadt);

D. Zakoucky (NPI-Rez, Prague). PS-booster

(O
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N

Ay
0
LDg REXTRAP
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"¥Cs v,=694309(13) Hz

Am/m=5x10*
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=it Detector
(MCP)

Post
acceleration

Energy analysis
by retardation

Radial = axial motion

Decay trap

Cooler trap

Horizontal beam line

e e ]

REXTRAP =

EEe————

Commissioning results (status November 2006)

Lens
i Efficiency
B-detector Section
0.1T magnet _ _ o
Transport through horizontal beam line ~80 %
and pulse down (30 keV > ~0.2 keV)
Injection of 0.2 kV beam in 9 T magnetic ~20 %
9T magnet field
Trapping of ions in cooler Penning trap ~ 60 %
Transfer to and storage in decay trap ~ 80 %
Shake-off + fraction leaving the trap ~ 30 %
Pulsed drift
tube
Transmission of retardation spectrometer ~50 %
MCP efficiency ~ 50 %
90° bender . .
Total efficiency ~ 0.6 %

(REXTRAP to recoil ion MCP detector) (ideal: ~ 12 %)
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Counts

WITCH-experiment 03 nov 2006

V. Kozlov, S. Coeck, M. Tandecki, S. Van Gorp,
M. Beck, P. Friedag, C. Weinheimer, F. Wenander,
P. Delahaye, D. Beck, N. Severijns

retardation on-off
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Counts

WITCH-experiment nov 2006
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Integral recoll spectrum
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WITCH-experiment nov 2006

hSpec_sim
x10° Entries 1919402
— : ; Mean 64.79
13”:-—1- integral recoil spectrum - '%4In| |rms 61.32
160—
- - Measured '**In spectrum
140 -
B S eeesseess Calculated
120
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2b.  asymmetry

we) =1+ J-L 4
Ee

for a pure Gamow-Teller transition :

~ g Z +C.
A% V= Ayl 71+ 2 (Im Pl Y s Bk,
P Ee CA

/ [HW}

-0.008 < Im (C;+C’;)/C, < 0.014 (90% CL) from BLi @ PS}/R. Huber et al., PRL 90 (2003) 202301

AA =0.01 - (for ym/E,=05) Re [(Cr+Ct’)/Ca] <0.033 (90% CL)

(assuming maximal P-violation and T-invariance for V and A interactions)
recoil corr. (induced form factors) ~ 103 ; radiative corrections 104 |/ Agtindependent of nuclear matrix elements
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Low Temperature Nuclear Orientation + Geant 4
(NICOLE-ISOLDE, K.U.Leuven, NPl Rez-Prague, Uni Bonn)

energy l. Kraev, F. Wauters, D. Zakoucky, N. Severijns et al.
no field N(e) )
1 ¥ A%
' WO)= —2= =1+ AL P(-~ Qcosh
N(G)unpol Y
" Tl v
magnetic P Tl ,
fielg on “;ﬂ - (P from anisotropy of y-rays ) Geant 4
ole] ulatif:'m
1— warm <pm|<cold
Analysis:

Leuven: %°CoCu, B_,=13T

ISOLDE: 63CuFe , B, =22 T

[AE?T p Y QCOSG:|
C

[Wo) -1, w AL
/\ B [W(O) - l]sim { AE?SM P Z QCOSG:| Ag w
- 0
L/ 1S431-experiment
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B-detector:

3He - 4He dilution refrigerator set-up

N. Severijns, 18-19 January 2007, PSI- PMLE

Si p-I-n diode (J =9 mm),
atT~10K

Mixin ;:~;1 F k
chamber #P [
TB(W T)
sample —
magnet -
B-detector
—— >
y-detector ;DAQ
3He - “He
system




W(0°)

1K

GOCOQ
B-asymmetry
in B=13T
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60 80
1T [K1]
T T T T T T T T T T T
1,3— _._Bexl=13T —
B,=9T
1,2 —
1,1 4 .
0 SR S e R T ) = SO e
\II T/I-__‘—__";‘\
J_\ - \}/
0,9 n i
0,8 1 4
T T T T T T T T T T
140 160 180 200 220 240 260 280 300
Energy, keV

Counts per second

exp. data
—— GEANT simul.
1 -
experiment
0,1 o .
60C o0 exp. p-spectrum Geant4 ]
VS. b
Geant4
o (B=13T)
0 1(;0 I 2[.!)0

Fromratio [W(@)-1],, get:
[ W(0)-1]

Geant
Au | Agy = - 0.953 (22)
(preliminary; limited by statistics of GEANT simulation)

A =-1.010 (20) [ Chirovsky, Wu et al., NIM 219 (1984) 103 ]
A =-0.972 (34) [Hungetal, PR C14(1976) 1162]
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(SINQ-FUNSPIN)

. .
Pb-foil Pb-foil
5.'-'*
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0 )
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R = -0.021(28) (preliminary)

(1/4 of statistics from test run 2006)
N =0.085(39) (NJ.o; Ngy=0.078)
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. 8Li: Sromicki et al., PSI — ETH Zurich
®Ne : F.

Calaprice et al., Princeton
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Ft0™> 0%

Bv-correlation coefficient a
- neutron : aSPECT

- nuclei : - TRINAT / TRIUMF
- LPC-TRAP / GANIL
- WITCH / ISOLDE

B-asymmetry parameter A
nuclei : Leuven — ISOLDE

symmetry tests

TRV : R (o.Jxp,; S,T); neutron R-TRV / PSI
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