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@TR'"MF What are Halo Nuclei?

. 3.6 ——T—
Some properties of halo: T T R [
_ _ _ ®He 2 g 1L = Beryllium | 11 ;.
e Very exotic nuclei (large n/p ratio) e |3 g 7] / “Be)
e \ery large size {268 ? 28] o .4n 20 vee |
e But difference in charge and matter radii =1 g ] A |
: : = - -3.-5_ fioE -
e Tiny one or two neutrons separation energy. - He-4 =241 /7 2% In )
.. ‘ S  12n :
Nuclear Radn (RM_ . -147) fm 2 20 -
15 = I | Taninata ef. a/. PRL 55, 2676 (1985) |
T Nuclear|radius for stable nuclei: Ry ~ry AY3 B el e c i zcs so2oes)
4 6 8 10 12 14
A
Proton Drip line Halo =" Rygtter = Reharge
10-
N
Neutron Drip line
5.
: . o @0
o 05 1 15 2
0 1 -
0 20 25 V(r) g: >
I ek
Vo= @ y

2009 May 14 APS NWS09 2



@TRIUMF Halo nuclei: at the verge of the drip line

One neutron separation energy: s.N,2) = MN-1,2) + M, - M(N,2)
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e Some unbound element
become bound when adding a
neutron.

A

Borromean
system

Very short lived:
He-8: 119 ms
Li-11: 8.8 ms
Be-14: 4.4 ms

Difficult to measure!

e Halo nuclei formation and
structure not fully understood
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@TRIUMF

The size of halo nuclei

Charge radius determination from isotope shifts

e Charge radius gives insight on core-halo interaction
e Compare different theoretical models (S. Bacca talk)

* |sotope shift measured using laser spectroscopy

* Need atomic structure calculations to get charge radii
Experiment Theory
AN 4 A AA
oV =v" — v = 0V)/q

/

Mass Shift

5

* Mass shift dominates for light nuclei
* Require mass precision < 1 keV

Halo nuclei Reference Laboratory | New mass,needed
He-6 Wang et al. PRL 04 ANL g
He-8 Muller et al. PRL 07 GANIL
Li-11 Sanchez et al. PRL 06 TRIUMF d;
Be-11 Nortershauser et al. PRL 09 ISOLDE gj

* Very short-live nuclei (as short as 5 ms)
e Best (and only) tool on the market: Penning traps
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@ TRIUMF The TITAN facility at ISAC

Cooler Trap
Cooling HCI

RFQ

Cooling and Bunching

(E ~ 20-60 keV)
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@ TriuMF TITAN’s 2007-2009 Halo Nuclei Harvest

He8: V. Ryjkov, PRL 101 012501 (2008)
He6: M. Brodeur PRL in preparation
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Li8-11: M. Smith, PRL 101 202501 (2008)
Li6: M. Brodeur, submitted to PRC
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* New level of precision for the mass
determination of unstable light nuclei

reached dm ~ 1 keV (as required)
* 11Li: Shortest lived ion measured in
a Penning trap

* 6Li: Improved precision for stable isotopes :
resolve 16 ppb disagreement between
AMEO3 and SMILETRAP.

* New S2n & binding energies for theory
* Re-analyzed charge radii
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@TRIUMF

Summary and outlook

Halo nuclei

Reference

(P)pp’ ()

Old AMEO3 M.E. (keV)

TITAN new M.E. (keV)

He-6

Wang et al. PRL 04
Brodeur et al. in prep. PRL

1.925 +/-0.012
1.913 +/- 0.011

17595.11 +/- 0.76

17598.132 +/- 0.019

He-8

Muller et al. PRL 08
Ryjkov et al. PRL 08

1.808 +/- 0.028
1.835 +/-0.019

31598.0 +/- 6.9

31586.403 +/- 0.025

Li-11

Sanchez et al. PRL 06
Smith et al. PRL 08

2.365 +/- 0.039
2.323 +/-0.036

40797 +/- 19

40728.28 +/- 0.64

Be-11

Nortershauser et al. PRL 09
Ringle et al. sub. PLB

1.925 +/-0.012
(using our mass)

20174.1 +/- 6.4

20177.60 +/- 0.58

* New area in mass measurement on halo nuclei (1, 2, 4 neutron halo)

rms point-proton  matter

* Need for better understareing of the few- bodwﬁfﬁﬂt halo system (S. Bacca talk)
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@TRNMF Two-neutrons separation energy

S,, of all bound nuclides

S,,(N,Z): B.E. of the last 2 n
S,,(N,Z) = M(N-2,Z) + 2*M_- M(N,2)
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e Li-11, He-6 and Be-14: 2n-halo
e He-8: 4n-halo
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Penning Trap in a Nutshell

Linear Magnetic Field + Harmonic
Electrostatic Potential

Application of quadrupolar field

cyclotron (+)

magnetron (-)

Three Harmonic Eigen-motions
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Extraction through magnetic field
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The mass measurement is made
by finding the true cyclotron
frequency of the ion in the trap
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Measurement of TOF gives

converts magnetron motion into
cyclotron motion.

converts radial energy to cyclotron frequency and hence the
longitudinal energy mass
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@TRNMF New Charge Radius for He, Li & Be

Revised charge radius (prelim.)

Calculation G. Drake
(in prep for PRL M. Brodeur et al.)

Using TITAN's Be masses together with
G. Drake mass shifts calculations:
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@ Experimental charge radii & FMD
Good testing of different models A GEMC caleulations O DCM
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on the market (see S. Bacca talk) ¥ SVMCmodel(frozen °Li core) & NCSM
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@TRIUMF Charge Radii Determination

Charge radius determination from isotope shifts

e Halo nuclei formation and structure not fully understood
e Charge radius gives insight on core-halo interaction
e Compare different theoretical models (see S. Bacca talk)

Experiment Theory

r/\ /_/\

. AA A A_ o AA AA
Isotope Shift: oV =v" —v"T =0V,[g +OVps

Mass Shift (of atomic transition) % H Field Shift
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(addition of neutron)  (electron correlation)

* Mass shift dominates for light nuclei
 Require mass precision < 1 keV

Halo nuclei Reference New mass needed

He-6 Wang et al. PRL 04 ANL \/

He-8 Muller et al. PRL 08 \/

Li-11 Sanchez et al. PRL 06 NZ

Be-11 Nortershauser et al. PRL 06 \/
* Very short-live nuclei (as short as 5 ms) : oaman
* Best (and only) tool on the market: Penning traps Atormic number. 7
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