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context and scope

context

« searches for signatures of new physics at low energies (any place
where improvements of sensitivity are possible and SM "backgrounds”
are small)

« tests of the SM ? ...foundations: discrete symmetries

SCOope
* review selected achievements and ongoing projects worldwide

« consider only nuclear beta decay experiments (exclude neutron decay:

same physics ! < other production techniques / ISOLDE; exclude muon
decay)
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1. phenomenology
2. searches for TRI exotic interactions

3. searches for TRV interactions
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1. phenomenology of allowed -decay

 within the SM d - uv+e +7. «beyond the SM

G
%5—7"’ udz bpOithn) ($eOi(Ci + 1Cl)h) + he.
(treelevel) & p===== . . .
=S, P,V,A T Lorentz invariants
C, and C’, : relative amplitudes

(determined by experiments)

at low momentum transfer: 4 fermion interaction

P ¢ : :
» standard couplings: Vector, Axial
Gr " s n .
« "exotic" couplings: Scalar, Tensor
signatures of new physics:
n Vv « presence of exotic couplings
Gr ¢ * symmetry violations
V2 8M3Z,
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constraints on exotic couplings

e within the SM

sums and differences of couplings

Ca/Cy =~ —1.27

. 0.04[
0.01- .
% 2
S S of
. " . _0.015— N
» constraints from precision experiments = jugggiogy 002t
N. Severijns, M. Beck, O. Naviliat-Cuncic, submitted to Rev.Mod.Phys. (CsC' Iy (C1-C'D/C,
( excluding neutron lifetime measurement by A. Serebrov et al. 2005 )
right-handed exotic couplings @
0.5
0.052—
s | sizable room to accommodate
S OF . . .
S |:> exotic interactions without
-0.05; affecting SM conclusions
-0.1F
01 005 0 005 01
CJ/Cy
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2. time reversal invariant exotic interactions

« B—v angular correlation SR Bl

Pe * Pv e
o (=) =
EBEV %
requires to measure the recoil ion E
Q
o
9
 within the SM g
1 (33— p? 1 S
ap = — p = — (4:{2 — 1) ©
3\1+4 p? 3
x : Fermi fraction; p: GT/F mixing ratio =
n
a
* beyond the SM s
a = ap(l — )
o contains quadratic S and T contributions - 0O 02 04 06 08 1

Fermi fraction x
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scalar couplings...
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ISOLDE achievements: 32Ar

e principle

ZAr o 0"+ 81 + v,

3QCZ*

— 1S+ p

the information on the recoil is
transferred to the proton

kinematic broadening of fdelayed proton

dn/dE (arbitrary units)

~15-10 -5 0
E-E, (keV)
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» experimental proton energy spectrum

104 L
103 L

10° L

counts/channel

101 |||'

100 L
200 E
100 E

o F
—100F
—200F

data—fit

E | I 1 3
6600 6650 6700 6750 6800
channel number

a =0.9989(65) consistent with a; = 1

Adelberger et al., PRL 83 (1999) 1299

required precision mass measurement of
32Ar to extract robust limits on scalar
couplings

ISOLTRAP (4m/m = 6.0x10-8)

Blaum et al., PRL 91(2003) 260801
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38mK in a MOT (TRIUMF)

* new generation experiments

direct detection of recoils (traps) e measured ﬁ.,on TOF Spectra / MC
TRIUMF Neutral Atom Trap at ISAC o T_ 255 Z?EMEV (1 Gf 16 bms} o MC E
Ton = beam I 15 cm 10 = oo o1 4
3 Ar

i Ar® Ar J F
310" - ‘\\1 N\x iy F
g ] E
210 §H i ) : \,LN i
© |
\ il
&) ] 3
= e e R e e
2 57 2
3 D ] =
Collection chamber Detection chamber Ei E E
g—2 7 q
. -
* preparation MOT = G e [rraRTE [Pt )
. o . . e 400 500 600 700
- implantation in Zr foil neutralizer L e e e B (O AR B s s e sE s
- 900 C heating, release Gorelov et al., PRL 93 (2005) 142501

- 103 capture efficiency; 75% transfer efficiency
a = 0.9978 (48) consistent with a, = 1

(also included in the 2005 review)

» measurement MOT

- beta and ion detectors
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SAr in a Penning trap (ISOLDE)

« WITCH (Leuven) Detector (MCP)
- cooler and decay Penning traps
- retardation spectrometer b el . lu Eirzellens
M—T E B-detector
will measure recoil ions Energy analysis by retardation n ﬂ 0.1T magnet

in singles; in sequence

Radial into axial motion conversion

Full Recoil Energy Spectrum
Decay trap

" a=1, assumed BR[g=+1)=13%, BR{g=+2)=2%. BR{g=+3)=0.25%, BR{EC/B)=2.5%)
T

ST magnet

1e+05

Cooler trap

80000

60000 [

Intensity [events]

40000 -

Pulsed drift tubd

20000 |

0 100 200 300 400
Recoil Energy [ eV]

Horizontal beam line
90° bender

a deduced from shape of energy spectrum REXTRAP —
ISOLDE
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SAr in a Penning trap (ISOLDE)

b first recoil spectrum
) measurement planned in 2006
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tensor couplings...
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°He in a Paul trap (GANIL)

production of ®He (SPIRAL TSS) cooling (H,)/ bunching

trapping / measuring
/| FEEE R t—
.
__-_-—‘__‘_“—‘—- Y “L_-_

S Y-

© M. Desaunay/GANIL

LIRAT low energy line

| table top experiment |
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°He in a Paul trap (GANIL)

* TOF of ions extracted from the trap

6 6] ; S,
400 +
beta telescope g
=3
o
o 300
‘ :
i L 200+
u\‘*_ g
; €3 100 t
plastic
scintillator . .
200 300 400

channel number

First direct f-decay from an ion trap

beam
monitor 04l |
HCP 30! RF ON/OFF | (V-A theory)
03+ 1
20
02+
10+ 0l
Ilﬂ i I n
LI ir ﬂ’—” |ﬁ Fn‘l ‘H‘—r! mn FﬁFriﬁl.ﬂﬂ i M onn | | I L
IUCP recoil ion detector 00 05 10 15 20 25 30 00 05 10 15 20 25 30
time of flight (micro sec.) time of flight (micro sec.)
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GT decays implanted (KUL/ISOLDE)

modern variants of Mme Wu experiment /| (J . pe) /Ee needs polarized nuclei

Low Temperature Nuclear Orientation

control/study of apparatus with 6°Co source

» Long-lived nuclel (KUL setup)

CMr:glr?] - |—-— an(Cu}, exp. data |
10° 4
E,=318.1 keV
IB( 17 T) g
Source — E’:; b
Magnet— ]!
103-:‘-
[-detector ° 0 chamnel Y e

y-detector DAQ

proposal for a measurement in
133Xe decay with < 0.01 precision
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GT decays implanted (KUL/ISOLDE)

Low Temperature Nuclear Orientation

» Short-lived nuclei

needs implantation on-line: NICOLE station

To wave generator

sample holder

proposal for relative and absolute
measurements in several decays:

"9Kr, 8mKr / 67Cu, 829Br, 83Br

with < 0.01 precision

requires careful control of nuclear
polarization and/or experimental
geometry

82Rp, 118Sb and GEANT4 simulations
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« SHe decay in flight (RIKEN)
» polarized 82Rb decay in MOT (LANL)

rich diversity of tools and techniques
worldwide in small size experiments
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3. time reversal violating interactions

e CPis known to be violated (K'and B decays) and the results appear
to be accommodated within the SM: flavor mixing

e new mechanism of CP-violation appear in several SM extensions
e in CPT invariant models: CP-violation = T-violation

e in systems or processes without strangeness, the effects due to the
CKM CP-violation are strongly suppressed (nEDM < 10-3!; beta
decay correlations <10-10)

e Large window to search for new physics
...provided that other SM backgrounds are under control (FSI)
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TRV correlations in fdecay

kinematic vectors

R: P-odd T-odd D: P-even T-odd

Rae'(pre)/Ee DJ'(peXpu)/EeEv

‘ probe different interactions ‘

Rexp = Rrrv T Reg Dexp = Drrv t Deg
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foil

Telescope
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* polarized 8Li produced by polarization transfer from
a polarized d beam

» LHe cooled target in low magnetic field

« analyze transverse electron polarization by Mott
scattering on Pb

* measure asymmetries under beam spin flip
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Result

Tensor T

Huber et al., PRL 90 (2003) 202301

Rogy = (0.9 + 2.2) x 1073
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constraint on LQ mass scale

* leptoquark exchange « assuming standard couplings:
_ _ 2 _
bosons which induce quark-lepton transitions A1 = A2 = gJLQ and 9LQ/47" - 1/137

* carry lepton and baryon numbers MLQ > 560 GeV (90% CL)

* have fractional |Q| = 1/3, 2/3 charges
Huber et al., PRL 90 (2003) 202301

* have spin J = 0,1 (in minimal extensions)

» direct searches:

e v
M, o > 200-300 GeV
Eidelman et al. , (PDG) PLB 592 (2004) 1
Ay - = -I:G.- - A
complementarity between low
3 i energy experiments and direct
searches
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2INa plans in MOT (KVI)

Drry o« Im(CyCy + Cy,C))

» reference measurement: '°Ne
Dy = (0.4 £0.8) x 103

(Hallin et al., PRL 52 (1984) 337 )

Phase 1: unpolarized nuclei

- preparation of a double MOT setup (KVI)
' _ - measure a at = 103

Phase 2: polarized nuclei

- measure D

- observe momentum dependence
to study FSI (= 104)
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summary and outlook

» precision measurements at low energies offer a window
to search for new physics, complementary to direct
searches at high energies

« experiments at ISOLDE have significantly contributed to
provide new constraints on exotic couplings

 the diversity of isotopes/intensities available near RIBs
has resulted in a rich spectrum of tools/techniques
worldwide

« the improvement/understanding of new tools (traps)
require preparations over long time scales, with frequent
access to the beam
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