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Where to search for beyond SM 
Physics?

Brute force (“Swifter, Higher, Stronger”):

Go higher in energy/luminosity.

LHC/Tevatron/ILC.  

Finesse:

High precision experiments.

Detect the effect of beyond SM on low energy observables.

“Table top” experiments: 0νββ, atomic PNC, EDM, νβ correlation.

Accelerator based: Proton/Neutron weak charge (Qweak, PRex, ....).
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This is Not....

u d

e+
νe

W+R

u

d

e+

νe

X(1/3)/Y(1/3)

Right handed bosons
Scalar or Tensor 

Leptoquarks
C 6= C 0

CT 6= 0
CS 6= 0

• SUSY slepton 
flavor mixing.

• SUSY LR 
mixing.

• many more 
(with different 
C’s)...



β decay 101
Total decay rate (electron polarization not detected)
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Pure Fermi: a = 1

β + ν carry no AM → 
emitted in same direction 

(opposite helicities)

August 2008 Paul Vetter, LBNL

The Beta Neutrino Correlation
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Pure GT: a = -1/3

β + ν carry 1 unit AM → 
emitted in opposite 

directions (factor of 3 
from spin directions)

β decay 101
Total decay rate (electron polarization not detected)
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β decay 101
Possible observables in nuclei

Parameter Observable Sensitivity SM Prediction

a β-ν (recoil) correlation Tensor & Scalar terms 
1 for pure Fermi
-1/3 for pure GT
or combination

b
(Fierz term)

Comparison of β+ to EC rate SV/T/A interference 0

A
β asymmetry for polarized 

nuclei
Tensor, ST/VA

Parity
Nucleus 
dependent

B
ν asymmetry (recoil) for 

polarized nuclei
Tensor,TA/ST/VA/SA/VT

Parity
Nucleus 
dependent

D Triple product
ST/VA Interference

TRI
0
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Limits on non-SM coupling

N. Severijns, M. Beck, and O. Naviliat-Cuncic, Rev. Mod. Phys. 78, 991 (2006) 
J. Sromki, AIP Conf Proc 338 (1995)

Very large model space.

Not spanned by collider experiments.

Current best limits not very stringent.

Naively  
CT

CA
,

CS

CS
/

✓
MW

MNewPhys

◆2

so uncertainty to 0.01 probes new 
physics at ~ 1TeV!

Possible effects on high energy results (W 
production at D0).

V-A
3-parameter fit

LH SM+ RH ST



Anatomy of an Experiment
Produce Radioactive Atoms 

(Produce, Transport, Neutralize)

Trap
(MOT, Dipole, Ion, Electrostatic)

Wait...

Detect decay products (β, Ion)
(Scintillators, MCPs,...)

Analyze and compare to SM
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Why Neon? - (I) The Period Table of Trappable Elements Not already used for MOT β Decay & Decent to 
Calculate/Implement

3 5

1

10
Easy to trap
Interesting physics other the beta 
decay
Needs to be in metastable state
Problematic WL for lasers
Harder to produce

Easier to produce
Trap setup exists in Israel (as does design for 
production of 8Li)
Easy wavelengths
Harder to trap (messy level scheme)

Fully closed transition for even 
neon isotopes (single frequency for 
trapping). 
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Why 18Ne?

Pure GT Decay

Pure Fermi Decay
(superallowed - gives Vud)

Pure GT Decay

PNC Transition
(enhanced by mixing with 1.042 level)
Adelberger et al. (1983)



Vud Uncertainties for superallowed decays

N. Severijns, presentation BriX workshop 2008, SCK-CEN, Mol, Belgium, 2008.



Why 19Ne?

Mixed Fermi / GT

PNC Transition
(enhanced by mixing with 1.042 level)
Adelberger et al. (1983)

Mirror transition, also 
gives Vud
O. Naviliat-Cuncic and 
N. Severijns (2008)
High sensitivity to V+A 
(for polarized 19Ne)
Sensitive to SCC



 Why 17Ne?

16 A.C. Morton et al. / Nuclear Physics A 706 (2002) 15–47

correlations, combined with the selection rules for an allowed β decay, we obtain Jπ = 1
2
− for states

at 8.436 and 9.450 MeV and 32
− for the state at 10.030 MeV in 17F. Probabilities for the β-delayed

pα decay to 12C through the tails of the subthreshold 7.117 and 6.917 MeV states in 16O have been
calculated and the feasibility of using such decays to provide information about the rates for the E1
and E2 components of the 12C(α,γ )16O reaction is discussed.  2002 Published by Elsevier Science
B.V.

PACS: 27.20.+n; 23.40.-s; 23.50.+z; 23.60.+e; 26.20.+f

Keywords: RADIOACTIVITY 17Ne(β+p,β+α); measured Ep, Eα , pγ -coincidence, angular correlations;
deduced logf t , GT strenght. 17F deduced levels, J , π , particle decay branching ratios

1. Introduction

The β-delayed particle decay of 17Ne has been the focus of two previous experimental
investigations [1,2]; partial level schemes for nuclei involved in the decay are shown in
Fig. 1 [3–6]. The investigation of Hardy et al. [1] was directed towards the determination
of the isospin purity of the J π = 1

2
−, T = 3

2 isobaric analog state (IAS) in
17F, while that

of Borge et al. [2] was part of a study of the quenching of axial-vector strength in nuclei.
Both papers presented detailed particle spectra and derived branching ratios for the particle
decay of the IAS and for the β decay of 17Ne. However, there were significant differences

Fig. 1. Partial level schemes for the nuclei involved in the β-delayed particle decay of 17Ne [3–6]. The states
shown for 16O may also be populated in the β decay of 16N.

• Q = 14MeV - allows extraction of 
bFierz (maybe) 

• 2-proton Borromean halo nucleus 
(spectroscopy)

• Decay to halo nucleus 17F
• Test of forbidden β-decays

Borromean

d�
dE�d⌦�d⌦⌫

/ ⇠

⇢
1 + a

~pe · ~p⌫

EeE⌫
+ b

m

Ee

�



Only light proton 
Borromean nucleus



 Why 23Ne?
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GT Decay



r 
E 

s 

p 

V ~ - 1/r 

NUCLEAR STRUCTURE TESTS WITH TRAPPED NEON ISOTOPES
ISOTOPE SHIFTS

Mass shift 
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Isotope Shift
(Energy Level Change)

�⌫ = �⌫FS + �⌫MS

/ Z · �
⌦
r2

↵
/ A�A0

AA0

Nuclear Size CM Motion

Isotope (A’-A20)/(A20A’)

17Ne -0.0088

18Ne -0.0055

19Ne -0.0026

21Ne 0.0023

22Ne 0.0045

23Ne 0.0065

Isotope (A’-A20)/(A20A’)

6He 0.0833

8He 0.125

Neon vs. Helium (Mueller et al.) Mass Shift

• Sign change in Mass Shift.

• Effect ~10 times smaller, better control 
on change in r2.

• Harder to calculate for A>12.

• But more cases (and 3 stable).
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It’s not all fun and games
• Neon trapping only in the excited metastable Ne* state.
• RF discharge/electron beam excitation typically gives 10-5 - 10-6 

efficiency.
• Neon trapping uses difficult wavelength (640nm).

But....
• Even numbers isotopes have no hyperfine splitting (single laser 

trapping) + Simple polarizing scheme for most odd isotopes (I=1/2).
• Destructive probing of metastable beam is easy.
• Transport of noble gas from production target relatively simple 

(diffusion).
• Many isotopes to probe.
• Many combinations of coefficients -> many constraints on phase 

space.
• TOF calibration using Penning/Associative 

ionization
Ne⇤ + Ne⇤ ! Ne + Ne+ + e�

Ne⇤ + Ne⇤ ! Ne+
2 + e�



Some Technical Aspects 



Some Technical Aspects - I

Multi-Coil Zeeman Slower
Computer control of field shape - 
On the fly change between isotopes
Genetic algorithm optimization for 
velocity/flux

1/Coil1/8 Coils

1-2 System

Field stability <0.01%
easily achieved



Some Technical Aspects - II

Double Trap setup
Push beam + atomic funnel 
(John Behr et al type setup)



Some Technical Aspects - III

“Faraday Cup” for Ne* atoms
Ne* atoms liberate electrons from metal 
plate -> Current flow

Metal
Plate

Suppresor
(+~50V)

ITO
Plate



Some Technical Aspects - III

“Faraday Cup” for Ne* atoms
Ne* atoms liberate electrons from metal 
plate -> Current flow

Suppresor
(+~50V)

Replace metal plate w/ ITO to optically
probe/slow Ne* (Transparent FC).
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(Technical Aspect - IV)

• Neon trapping only in the excited metastable Ne* state.
• RF discharge/electron beam excitation typically gives 10-5 - 10-6 

efficiency.
Possible solution (based in work at ANL for Kr/Ar)

All optical excitation
3p J=2 (20 ns)

3p J=1 (20 ns)

3p J=2 (24 s)

2p6

74 nm
VUV

650.6 nm

614.3 nm

• 2 photon excitation and 
spontaneous decay into 
metastable (long lived) state.

• 18Ne has same level structure as 
stable 20Ne, some complications 
with 19Ne.

• Trapping on J=2 ➙ J’=3 
transition at 640nm. 



Neon is Nice But....
(Technical Aspect - IV)

• Neon trapping only in the excited metastable Ne* state.
• RF discharge/electron beam excitation typically gives 10-5 - 10-6 

efficiency.
Possible solution (based in work at ANL for Kr/Ar)

All optical excitation
3p J=2 (20 ns)

3p J=1 (20 ns)

3p J=2 (24 s)

2p6

74 nm
VUV

650.6 nm

614.3 nm

• 2 photon excitation and 
spontaneous decay into 
metastable (long lived) state.

• 18Ne has same level structure as 
stable 20Ne, some complications 
with 19Ne.

• Trapping on J=2 ➙ J’=3 
transition at 640nm. 

Predicted improved of 2-3 orders of magnitude in 
efficiency.



Measurement Scheme
General Scheme

Produce Ne Isotopes

Trap in collection 
trap

Move to science 
chamber (push 

beam)

Take data
(TOF, position 

asymmetry on MCP)

Move to source 
chamber (TMP?)

Excite to Ne* + 
expand into Slower

Continuos
Intermittent



A Brief Aside
Optical traps

• Once cooled and trapped by the MOT, atoms can be 
trapped by the purely dipole force.

The mean scattering rate Γ̄sc can, in turn, be calcu-
lated from the temperature of the sample, according to
the following arguments: Eq. 14 relates the average scat-
tering rate to the mean dipole potential Ūdip experienced
by the atoms. In a pure dipole trap7 described by Eq. 25,
the mean optical potential is related to the mean poten-
tial energy Ēpot, the mean kinetic energy Ēkin, and the
temperature T by

Ūdip = U0 + Ēpot = U0 + κĒkin = U0 +
3κ

2
T . (28)

This relation allows us to express the mean scattering
rate as

Γ̄sc =
Γ

h̄∆
(U0 +

3κ

2
kBT ) . (29)

Based on this result, let us now discuss two specific
situations which are typical for real experiments as de-
scribed in Secs. IV and V; see illustrations in Fig. 3. In a
red-detuned dipole trap (∆ < 0), the atoms are trapped
in an intensity maximum with U0 < 0, and the trap depth
Û = |U0| is usually large compared to the thermal energy
kBT . In a blue-detuned trap (∆ > 0), a potential mini-
mum corresponds to an intensity minimum, which in an
ideal case means zero intensity. In this case, U0 = 0 and
the potential depth Û is determined by the height of the
repulsive walls surrounding the center of the trap.

For red and blue-detuned traps with Û ! kBT , Eqs. 27
and 29 yield the following heating rates:

Ṫred =
2/3

1 + κ
Trec

Γ

h̄|∆|
Û , (30a)

Ṫblue =
κ

1 + κ
Trec

Γ

h̄∆
kBT . (30b)

Obviously, a red-detuned trap shows linear heating
(which decreases when kBT approaches Û), whereas
heating behaves exponentially in a blue-detuned trap.
Note that in blue-detuned traps a fundamental lower
limit to heating is set by the zero-point energy of the
atomic motion, which we have neglected in our classical
consideration.

7this excludes hybrid potentials in which other fields (grav-
ity, magnetic or electric fields) are important for the trapping.

U
red

k T

blue
^

B

FIG. 3. Illustration of dipole traps with red and blue de-
tuning. In the first case, a simple Gaussian laser beam is
assumed. In the second case, a Laguerre-Gaussian LG01

“doughnut” mode is chosen which provides the same potential
depth and the same curvature in the trap center (note that
the latter case requires e2 times more laser power or smaller
detuning).

Eqs. 30 allow for a very illustrative direct comparison
between a blue and a red-detuned trap: The ratio of
heating at the same magnitude of detuning |∆| is given
by

Ṫblue

Ṫred

=
3κ

2

kBT

Û
. (31)

This comparison shows that blue detuning offers substan-
tial advantages in two experimental situations:

• Û ! kBT , very deep potentials for tight confine-
ment,

• κ " 1, box-like potentials with hard repulsive
walls.

When, in other words, a harmonic potential of moderate
depth is to be realized for a certain experiment, the ad-
vantage of blue detuning is not substantial. The choice of
red detuning may be even more appropriate as the better
concentration of the available laser power in such a trap
allows one to use larger detunings to create the required
potential depth.

B. Experimental techniques

1. Trap loading

The standard way to load a dipole trap is to start
from a magneto-optical trap (MOT). This well-known
radiation-pressure trap operating with near-resonant
light was first demonstrated by Raab et al. in 1987 and
has now become the standard source of ultracold atoms in
many laboratories all over the world. A MOT can provide
temperatures down to a few 10Trec, when its operation
is optimized for sub-Doppler cooling (see Sec. III A 1).
This sets a natural scale for the minimum depth of a
dipole trap as required for efficient loading. Due to their
lower recoil temperatures (Table I), heavier alkali atoms
require less trap depth as the lighter ones and thus allow
for larger detunings. For the heavy Cs atoms, for exam-
ple, dipole traps with depths as low as ∼ 10µK can be

11

Red detuned traps 
are attractive

Blue detuned traps 
are repulsive

Interaction of laser E field 
and induced dipole moment:
p̃ = �Ẽ
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Looking Ahead (Tech V)
Dark Blue Traps

• Currently testing two optical traps (dark cavities surrounded by blue 
detuned light). Based on designs by Davidson et al. (slightly 
modified).

Friedman, N., Kaplan, A., and Davidson, N. Adv. At. Mol. Opt. Phys., 48:99 (2002).
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Polarization Measurement
General Scheme

Produce Ne 
Isotopes

Trap in 
collection trap

Move to science 
chamber (push 

beam)

Take data

Move to source 
chamber (TMP?)

Excite to Ne* + 
expand into 

Slower

Move atoms into 
optical trap 
(overlay)

Turn off B MOT 
(lasers and field)

Turn on 
polarizing B field 

and lasers



Some Technical Aspects - VI 

Science Chamber
Optical access for MOT, Imaging, & Dark 
traps.
MOT/Polarization magnets internal to 
chamber (fast switch off/on)



PROSPECTS FOR PRODUCTION IN ISRAEL
17Ne:
16O + 3He ➙ 17Ne + 2n - 26.7 MeV Thershold
19F + p ➙ 17Ne + 3n - 36.6 MeV Threshold (LiF Target)
20Ne + 3He ➙ 17Ne + 6He - 27 MeV Threshold

18Ne: Explored as a possible source for β beams
19F + p ➙ 18Ne + 2n
• 13 MeV Protons of LiF target, 3x10-5/p (Takayama (2009))

16O + 3He ➙ 18Ne + n - 3.2 MeV threshold
20Ne + p ➙ 18Ne + t - 20 MeV threshold
19Ne:
20Ne + n ➙ 19Ne + 2n - 16.8  MeV threshold
20Ne + p ➙ 19Ne + d - 15 MeV Threshold
19F + p ➙ 19Ne + n
• 4 MeV Threshold
• (10-3/p for thick LiF, Kitwanga et. al (1990) ).

19F + 3He ➙ 19Ne + t - 3.2 MeV Threshold

23Ne:
23Na + n ➙ 23Ne + p - 3.7 MeV threshold (neutron production target).



CAN THIS BE DONE IN ISRAEL?

New, (very) high current p/d accelerator (5mA/up to 40MeV) under 
construction at SOREQ.

Neutron production also possible with Liquid-Li (for eg., but under 
construction). Talk by M. Hass.

SARAF

Weizmann Institue
Neutron generator being purchased.

Some production schemes may also be possible with the VDG 
accelerator. 
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VDG

NG

PROSPECTS FOR PRODUCTION IN ISRAEL

SARAF (Maybe)





17Ne:
19F + p ➙ 17Ne + 3n - 36.6 MeV Threshold (LiF Target)

18Ne: Explored as a possible source for β beams
19F + p ➙ 18Ne + 2n
• 13 MeV Protons of LiF target, 3x10-5/p (Takayama (2009))

20Ne + p ➙ 18Ne + t - 20 MeV threshold

19Ne:
20Ne + p ➙ 19Ne + d - 15 MeV Threshold
19F + p ➙ 19Ne + n
• 4 MeV Threshold
• (10-3/p for thick LiF, Kitwanga et. al (1990) ).

23Ne:
23Na + n ➙ 23Ne + p - 3.7 MeV threshold (neutron production target? - Talk by M. Hass 
directly following).

POSSIBLE PRODUCTION SCHEMES @ MYRRHA 
W/ PROTONS (NON-SPALLATION)





MYRRHA W/ CARBIDE TARGET



Other things to do with neon

• Neon EIT (Already have grant for developing 
this).

• Atomic beam lithography.
• Autoresonance in Ne* MOT.



SUMMARY
Neon is a interesting candidate for beyond SM 
search (but this of course was known long ago).
HUJI has an active program which in aimed at 
achieving accurate measurements for Ne 
isotope.
Productions schemes are possible in Israel (at 
least some of them are) and are also certainly 
possible @ MYRRHA.
We would welcome the opportunity to run @ 
MYRRHA in a few years.


