
Tests of ab-initio shell models of light nuclei:

featuring 

The special case of 10Be

C.J.(Kim)  Lister
Lister@anl.gov



2C.J. (Kim) Lister:    Carnegie Conference, Glasgow 8-10th May 2008

Our Nuclear Domain
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My current thinking
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Ab-initio Greens Functional Monte Carlo Calculations

Pieper and 
Wiringa (ANL)

Described in

NP A751 516c 
(2005)
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Testing Microscopic Calculations

Binding Energies

Spins, Parities, and Moments

Wavefunctions………………... Radii

Transfer Reactions

Scattering (e,e’)

E/M Transitions

I will focus on ANL work, as “typical” cases that I know more about. 
This only is a small part of the effort in this area, both theoretically (as 
we heard from David Dean this morning) and experimentally.
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RMS Radii of 6,8He

6He

P.Mueller et. al (ANL)
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RMS Radii of 6,8He

L.-B. Wang et al., PRL 93, 142501 (2004)

P. Mueller et al.,PRL 99, 252501 (2007).

After some convergence 
issues were resolved, 
predictions of charge 

radii very good, ~ 
1%…..matter radii not 

quite so good. 
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Transfer Reactions
{ANL-UWM Collaboration}
A. H. Wuosmaa et. al. PRL94 082592 and PRC72 061301(R) 2005

Example:       6He(d,p)7He 

Issues:     How reliable are calculations of unbound states?

Is there a low lying state below 1MeV?

Sn=0.533
l=1 p3/2

No renormalization

to QMC calculations

Data

Fit to g.s. and 
Ex=2.25,G=3.0 
MeV state
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Transfer Reactions
Compare:       6He(d,p)7He and 8Li(d,3He)7He

Issues:     Is spectroscopy of broad resonances possible?

Yes!!
Using selective in both 
population and decay 

channels

1/2 -

5/2-
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Electromagnetic tests 
There are a variety of powerful and precise methods available: like 
measuring electron scattering (e,e’) or measuring magnetic moments.

Generally, electromagnetic transition rates have not been measured with 
sufficient precision to provide discriminating tests of the new models.

Can we improve lifetime determinations for bound states to <5%
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10Be Experiment

GFMC Theory

Q �70

Q �80
42
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A=10 nuclei provide a sensitive test of GFMC

S.C. Pieper, K. Varga and R.B. Wiringa, 
Phys. Rev. C 66, 044310 (2002).

Very sensitive to the effects

of 3-body correlations.
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Ken Nollett (ANL) and Brent Graner (UC) 
visulization of 10Be J=21 state (2008)

Why is this so?
The three-body forces contribute 
to the spin-orbit splitting, which 
was identified as anomalous by 
Kurath in 1950’s……now we 
begin to see why.

The three-body correlations favor 
clustering and the promotion of 
particles to higher shells.

Amand Faessler (1968)   HFBKanada-En’yo et al  (1998)  AMD
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10Be : A popular nucleus

)02;2( 11
++ ®EB )02;2( 12

++ ®EB(e2fm4) (e2fm4)        RatioAuthor      Calc.

Okabe         MO                   11.26                        0.44 25.6

Caurier NCSM              6.58                                0.13                        49.5

Itagaki TMO                11.8                                3.9                         3.02

Navratil NCSM              5.4                                   0.17                       32.7

Al-Khalili MMM              6.3                                   0.13 48.5

Wiringa GFMC              7.89(30)                          2.08(26)                3.8

EXPT                                   10.5(1.0)                ??                          ??

NCSM: No-core shell model, E. Caurieret al.,Phys. Rev. C 66, 024314 (2002).
MO: Molecular orbit model, N. Itagakiet al.,Phys. Rev. C 61, 044306 (2000).

MMM: Microscopic multicluster model,K. Arai and Al-Khalili, Phys. Rev. C 69, 014309 (2004).
TMO: Triaxial Molecular Orbital, Itagakiet al.,Phys. Rev. C 65, 044302 (2002).

GFMC: Greens Functional Monte Carlo, R. Wiringa and S. Pierperet al.,Private Communication.



14C.J. (Kim) Lister:    Carnegie Conference, Glasgow 8-10th May 2008

E.K. Warburton et al., Phys. Rev. 129, 2180 (1963).

E.K. Warburton et al., Phys. Rev. 148, 1072 (1966).

G.C. Morrison et al., - unpublished (1965).

T.R. Fisher et al., Phys. Rev. 176, 1130 (1968).

Evaluated T1/2 = 125(12) fs
All DSAM measurements

Previously measured DSAM lifetimes in 10Be
Systematic problems of:-

•Initial recoil velocity ill-defined

•Stopping powers poorly known

•Very slow recoils

•State feeding poorly known

•Detector angle poorly defined

At the time these measurements 
WERE cutting edge and provided 
discriminating tests of the (new) 
intermediate-coupling  shell model 
(Kurath et al 1958) .

But now we need better!
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F. Sarazinet al., Phys. Rev. C 70, 031302(R) (2004)….b-decay at ISAC / TRIUMF

11Li �ß-delayed 1-n emission
Line shape depends on

� Energies and intensities of all neutron branches feeding the level

� Lifetime of the level

� Angular correlation between gamma ray and neutron

For 22 state:

T1/2 = 60(10) fs

A2 ~ 0  
z pure E2

57)22;2( 12 =® ++EB W.u.
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The Doppler Shift Attenuation Method

q

g

v0

Eg = Eo {1 + (v0/c)Cosq}

q

g

v(t)

Free Space

Stopping Eg = Eo {1 + F(t)Cosq}

log(t)

F(t )

1

0Actually, recoils are sufficiently swift (v/c ~6%) 
that 2nd order relativistic is correction needed
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Stopping Powers
Two completely different mechanisms:-

Bethe-Bloch stopping….arises from bare
nuclei ploughing through a sea of electrons.

A) Many, low energy interactions

B) Momentum of beam keeps lateral scattering 
small

C) Exactly calculable, pure Coulomb.

“Nuclear” Stopping (Atoms)......arises from partially
charged atoms scattering off atoms

A) Few interactions with large energy transfer

B) Significant lateral scattering

C) Correlation between angle and energy loss

(Blaugrund Approximation)…..

< v*Cos(q) > = < v >*< Cos(q) >

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

Z

FAST

Z

SLOW

Effective Charge Model

Z(eff) = g(v) * Z
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What SRIM shows us

J.F. Ziegler, J.P. Biersack and M.D. Ziegler http://www.srim.org

SLOWIons…. 1 MeV10Be in 
100mg/cm2 Li on 6mg/cm2 Au

FAST Ions…. 15 MeV10Be in 
100mg/cm2 Li on 6mg/cm2 Au

(99.99% electronic stopping)
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Stopping of 10Be in Gold

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 10 20 30 40 50 60

Energy of 10Be (MeV)

d
E

/d
x 

(M
eV

/m
g
/c

m2 )
Northcliffe and Schilling
SRIM
Porat and R (scaled)
Nuclear SRIM

Comparing Stopping Powers…..faster is better!

a-in gold data scaled 
to 10Be fully stripped
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DSAM*

DSAM done properly:-

2-body kinematics

High recoil velocity

Well defined recoil direction

Well defined gamma direction

Control of state population

7Li(7Li,a)10Be at 10 MeV

�Þ 10Be

10Be (g.s)    = 18.2 MeV
10Be* (3.3)  = 16.5 MeV
10Be* (5.9)  = 15.0 MeV

E. A. McCutchanet al (ANL)
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Etot

�ÂE

Recoil –g Gated Data
6 mg/cm2 Au backing

Only lines belonging to 10Be !!
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Etot

�ÂE

Recoil -gGated Data
2 mg/cm2 Au backing
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Extracting the mean velocity

Vary �ß, determine FWHM

E�à

cos(�å)
-1 +10

Sum all angles
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What else we need to measure
Decay properties of second 2+ state not precisely known 

due to nearly degenerate 1- state

�á�á�á�á?

� Multipole mixing ratio of  
2+

2 
z 2+
1 transition

M.L. Roush et al., Nucl. Phys. A128, 401 (1969).

|�á�á�á�á| < 0.60
0 - 26% E2

74 - 100% M1

� Branching from 2+2 state

++ ® 12 22

++ ® 12 02

+- ® 101

+- ® 121

)%3(90

)%3(10

)%15(35

)%15(65

90>

10<
6
1017+

-

10
683+

-

NDS

* All from fitting doublets*

11Li, �ß�ß�ß�ßn
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Gamma-gamma analysis for branching ratio

2.6 MeV 3.4 MeV

5.9 MeV

A~110(10)

A~90(10)

Data taken for ~ 2 hours

598

Still need a better efficiency calibration of 
Gammasphere at 6 MeV
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DSAM Status

If the experimental conditions are controlled, I believe we can reach a 
precision of <10% ….and with a goal of 5%.

Lifetimes of 50-500fs are the most amenable for high precision.

We are interested in very fast decays (<5fs) for astrophysics.
{Example 14N(p,g)}

Specifically 10Be

New vacuum interlock system to prevent oxidation issues.

Need a high statistics run.

In theory……several challenges being tackled, like the M1’s problem 
and the “sd shell halo” excicted state at 5.817MeV
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Conclusions
The challenge to our generation is to  consistently describe 
the entire nuclear landscape. It is no longer a dream.

In Experiment

We must explore very neutron-rich nuclei

Make precise measurements of nuclear properties.
{Reliable 5% DSAM measurements appear possible}

In Theory

We need to bridge from ab-initio calculations to global 
models using Hartree-Fock, Relativistic Mean Field and 
Density Functional approaches.


