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Our nuclear world
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ADb-initio Greens Functional Monte Carlo Calculason
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Transfer Reactions

ANL-UWM Collaboration
A. H. Wuosmaa et. al. PRL94 082592 and PRC72 0dR3M005

Example: °He(d,pyHe
Issues: How reliable are calculations of unlbsiates?

Is there a low lying state below 1MeV?
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The Special case éiBe

Key Issues: Microscopically, how do the neutroralygorm
a potential to bind the nucleus? Is it the samallcstates?
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The Bound States &fBe

3367
E2
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A=10 nuclel provide a sensitive test of GFMC

- Argonne v, g }

Very sensitive to the effects
Without & with Illinois-2

of 3-body correlations.

10Be Data Compilation
B(E22 - 0;)=10500¢" fm’
GFMC Theory
B(E22" - 0/)= 78930 fm* Q=0
B(E22; - 0]) = 208(26)€* fm’*
B(E22; - 2)= 60aoe’fmt Q=0

Excitation energy (MeV)
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S.C. Pieper, K. Varga and R.B. Wiringa,
Phys. Rev. G6, 044310 (2002).
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The Ab-Initio projection of T=0 and T=1 density
|

Ken Nollett (ANL) and Brent Graner (UC)
visulization of!%Be J=2 state (2008)
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The Traditional Shell Model (1956+++)

PHYSICAL REVIEW VOLUME 106, WUMBER 35 JUNE 1, 1957

Radiative Transition Widths in the 1p Shell*

Dieter KUurATH
Arponne National Laboratory, Lemond, [linots
{Received February 23, 1957)

The nuclear wave functions, obtained from a shell model with variable strength of spin-orbit coupling,
are used to compute M1 and E2 transition widths. Comparison with experiment is made for Be®, B, Bit,
and C®, The agreement is not nearly so good as was that obtained for energy level schemes. The pure M1
transitions are in good agreement with experiment. The values computed for E2 transition strengths are
found to be generally low, though about the right order of magnitude, This suggests the need for adding
some collective behavior to the model.

Kurath, Cohen and Kurath, Millener and Kurath,lI&fier and Warburtoriu

185 DECAY OF 6.18-MeV Jf*=0+ LEVEL OF Bel? 1249

Tasre I. The (8-16) POT results of Cohen and Kurath® for the decay of the lowest two (J7, T') = (2%, 1) states of (1p)5

Multi- Transition strength? Iy (meV)
Transition polarity (W.u.) for Be'®
(2+, 1)g—(2F, 1), M1 [0.0044+4-0.3824T, 54.61
(2%, 1)a— (2%, 11 E2 [1.8518e(0) —0.1174T (1) ? 1.58 _
(2%, 1),— (0%, 1), E2 [—0.09486(0) +1.1566T,6(1) P 7.41 R—58
(2%, 1)1— (0, 1), E2 [1.5925¢(0) -+0.05847 (1) P 4.81

& Caleulated from the results of Ref. 30 by Dr. I. S, Towner.
b The phase convention is that of Rose and Brink [H. J. Rose and D, M, Brink, Rev, Mod. Phys, 39, 306 (1967)].




Previously measured DSAM Jzlfetime in °Be

Systematic problems of:- Evaluatedt = 180(18) fs
All DSAM measurements

eInitial recoll velocity ill-definec

(]

«Stopping powers poorly know  *°| Be 2| -

*Very slow recoils

—~ 200 — :+f______________:
= - O
o

100 |

«State feeding poorly known

*Detector angle poorly defined

At the time these measuremer L
WERE cutting edge and provit 1960 1970 1980 1990 2000
discriminating tests of the (nev., Year

: d i hell d IE.K. Warburtoret al., Phys. Rev129, 2180 (1963).
Interme |ate-coup Ing shell moae G.C. Morrisonet al., - unpublished (1965).

(Kurath et al 1958) . E.K. Warburtoret al., Phys. Rev148, 1072 (1966).
T.R. Fishert al., Phys. Rev176, 1130 (1968).

But now we need better!
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10Be : A popular nucleus

Author Calc. B(E22 - 0) B(E22; - 0;) Ratio

(€2fm?) (e2fm?)
Okabe MO 11.26 0.44 25.6
Caurier NCSM 6.58 0.13 49.5
Itagaki TMO 11.8 0.70 16.9
Navrati  NCSM 5.4 0.17 32.7
Arai MCM 4.8 0.10 48.0
Wiringa  GFMC 7.89(30) 2.08(26) 3.8
EXPT 10.5(1.0) ?7? ?7?

MO : Molecular orbit model, N. Itagaki and S. Okali#hys. Rev. &1, 044306 (2000).
NCSM : No-core shell model, E. Cauritral., Phys. Rev. &6, 024314 (2002).
TMO : Triaxial Molecular Orbital, N. Itagalet al., Phys. Rev. &5, 044302 (2002).

MCM : Microscopic cluster model, K. Arai, Phys. R&/69, 014309 (2004).
GFMC : Greens Functional Monte Carlo, R. Wiringa &dPierpeet al., Private Communication.
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1 | B-delayed 1-n emission

Line shape depends on
*Energies and intensities of all neutron branchedifgy the level

= Lifetime of the level

= Angular correlation between gamma ray and neutron

3/27 g.s.

| “Li T,»,=8.5 ms

Q;=20.61 MeV

= 25001, 4
e (1,2) > 2
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22000
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—F e 1000
(s logh=5.55(8) 5/2 = L 8.81 MeV—)Z:,
e 5001 " . |
PP T s Sy : 7 8.03 MeV-0,—-1
logli=5.06(10) 3/2° i B : ‘
[(3/2. 5/2)*] 178 0
Zn N i lps g i gacadg raeiaigil g
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2T es. ""Be +n 0503 Mev
1 I]:-’.e
Y. Hirayamaet. al. Phys Letd88611 239 (2005).....polarizefi-decay at ISAC/TRIUMF (high stats)

AAAAAAAAAAAAAAAAAA
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F. Saraziret al., Phys. Rev. G0, 031302(R) (2004)..3-decay at ISAC / TRIUMF




The Doppler Shift Attenuation Method

Free Space Y
0 E, = E{1 + (v/c)Cod}

N,

Stopping Y E,=E/{1+ F(t)Co®}
ALy
F(1)
Actually, recoils are sufficiently swift (v/c ~6%)

that 29 order relativistic is correction needed

C.J. (Kim) Lister: KERNZ08, Queenstown 1-6th Be
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The Stopping and Range

of Ions in Matter

What SRIM shows us

i
f' ectories

7|

SLOWIons.... 1 MeV10Be in
100ug/cn? Li on 6mg/cni Au

4 um

Ion Trajectories : -

FAST Ilons.... 15 MeV!%Be in
100ug/cn¥ Li on 6mg/cni Au

(99.99% electronic stopping)

[ Lithium '

2
T

- Target Depth - 4 um

J.F. Ziegler, J.P. Biersack and M.D. Ziegler htipaiv.srim.org
'

KERNZO08, Queenstown 1-6th E

o
=

C.J. (Kim) Lister:




DSAM
E.A. McCutchan et. al. (ANL)

DSAM done properly:-
2-body kinematics
High recoll velocity
Well defined recoil directiot
Well defined gamma direction

Control of state population
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Recoll -y Gated Dat
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Extracting the lifetime from megh
|deally you want all decays in

2 3 the stopping material
» >
" 2
A = -
B’'s weighted by # of S
B Necays at given time t
Energy
But...
> « Need some finite thickness of
time production material
4 * Need nuclei to recoil out of
target
N T determines weight
2
time O

C.J. (Kim) Lister: KERNZO08, Queenstown 1-6th




Results (1): First excited State witl=a" at 3367 keV

66ug/cn? ‘Li on 6.95mg/crh Au

Li :
L B=00525(5)

0048 0052
p

FWHM (channels)

115ug/cn? “Li on 2.69mg/cm Au

Li
> i1 . B=0.0560(5)
2 .
Li 288ug/cn? LiF, on 2.48mg/crh Cu
>
i { | | 3 =0.0535(5)
A

T = 270(-190)fs

C.J. (Kim) Lister: KERNZ08, Queenstown 1-6th BE




Target Oxidation Issues

Counts

10Be/?INe ~ 1
500 1000 1500 2000
Energy (keV)

Lithium Is volatile and oxidizes easily. A new
vacuum interlock was developed to move fro
the evaporator to Gammasphere at=>tdr.

This reduced the contamination by a factor 1{
With better vacuum, we expect another facto
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Traditional DSAM analysis....and GS alignment
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Results so far for 3369keV J=2 state
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First J = 2 state int%Be

NNDC transition strength T =2 17(17) ot (i ??)33/5
B(E22; - 0})=10500¢" fm’
300 F
Revised transition strength 275 |
B(E22 - 0))=87(3)¢" fm" I
o g ) T Tlg
Ab-initio transition strength  * ool
B(E22" - 0') = 789(30)&* fm" o]
1 50-_ Feb  March October

mmmd Theory seems pretty darn good at calculating Eshgths
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The Bound States &fBe

3367
E2
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Decay of the second 3tate
1

2
” o =1 57O Tea # M)+ (Teao
>74% M1 GFMC
) B(E22; - 07) = 208(26)e* fm"
2 B(E22 _ 2)= 69(L0)& fm!
0+ VMC
B(M12, - 2/)~ 0.006u°
18] < 0.60 R —
M.L. Roushet al., Nucl. PhysA128, 401 (19609). 5 0.8'__\ GEMC
+ + E 6
2, -2 | >90 |90@% e |
2, -0 | <10 |10Q3% El| 5fs-
. 65 0.2F l _
NDS i, Bn
] <K
“tex  iE3 ool ol 1

BML) [ ]
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Lifetime of 2'/1- doublet

i B-delayed 1-n emission
ISOLDE TRIUMPH

T 11 ps 2; > 50 fs 86(11) fs

1 330(130) fs < few 100 fs

T = 330(130)fs

Our preliminary indication is
that lifetimes of both J=2and
1- state are significantly faster

than the ISOLDE results
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Gamma-gamma analysis for branching ratio

e Previous measurements fit double

-y isolates 1branch

5.956

Counts

250

C.J. (Kim) Lister:

500
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Ji 1 -2/ |1 -0
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Electric Dipole Physics.....hints of Halos

“Classic” halo nucleus!Be =0 fl 1=t
............................. 0.50 /El
- 0.32 1o
El
0.0
B(E1) = 0.12(1) &m? %Be
D.J. Millener et al., Phys. Rev.ZB, 497 (1983). 1OBe B(El) N éfmZ

o

.2 | 1.0
GFMC | 24 x106%| 7.4 x 103

MO 2.4 x 163
Exp [2(1) x 10° 7(3) x 10°

MO : N. Itagaki and S. Okabe, Phys. Rew61Z 044306 (2000).

Exp : H.O.U. Fynbo, Nucl. PhyA736, 39 (2004).

E -S [MeV]

1
—_
U
T T

)
S

a
v
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Conclusions

In Experiment

Precision spectroscopy near stability and “discgvsiudies
far from stability ardBOTH important and complimentary

approaches.

We must make precise measurements (improve teciniqu

Reliable <5% DSAM
In Theory

We need to bridge w
to more global mode
Relativistic Mean Fie

C.J. (Kim) Lister:

measuremdi possible.

nat we learn from ab-initio gktons
s using NCSM, Hartree-Fock,

d and Density Functional aggohes.
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Spares
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Choice of reaction

7Li(7Li,0)19Be
Q = + 14.784 MeV
E,.=10MeV

Very high recoil velocity
(B=6%)
evaporated target
good FMA separation
Low efficiency

C.J. (Kim) Lister: KERNZO08, Queenstown 1-6th Bk

’H(°Be,p)°Be

Q = +4.588MeV
E,=13.5 MeV

Very high recoil velocity
(3=6%)
Implanted target
difficult FMA separation
High efficiency




Simple toy model

2_8_ T T T T T ]
E |
= 2.7+ .
(7] 4
=
o |
2.6 - .
— 2 g4 X207
=148e"fm’ g
g 2.5—: !
@
Q |
%’ 2.4 -
2.3- T T T T T T T T T
7 8 9 10 11
Be Isotope

Nuclear Charge Radii of ""1’Be and the one-neutron halo nucleus ''Be

W. Nortershiuser,’:2 D. Tiedemann,? M. Zékova,? Z. Andjelkovic,? K. Blaum,* M. L. Bissell 4
R. Cazan,? GQ.W.F. Drake,” Ch. Geppert,>” M. Kowalska,® J. Krimer,? A. Krieger,? R. Neugart,?
R. Sanchez.® F. Schmidt-Kaler,” Z.-C. Yan,'® D. T. Yordanov,® and C. Zimmermann’

A+ +\ — 2 4
B(E22 - 0;)= 7.8(0¢e" fm arXiv:0809.2607v1 [nucl-ex]

r=22fm

ArgonneA C.J. (Kim) Lister: KERNZO08, Queenstown 1-6th 32
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Results (1): First excited State witl=a" at 3367 keV

Li at 108 at {_iBi=593%c
10 MeV 10.6 MeV
>

Bexit= 4.77%

[ ]

66 pg/cn? 6.95 mg/cr | —1

L 197A 0 X (im) 6

AT = 35fs AT = 222fs “17% ofy-rays in Li

7Li("Li, a)1%Be(2) ~60% ofy-rays in Au
Q=11.418 MeV ~23% ofy-rays in vacuum
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An alternate approaci‘Be Coulomb Excitatic

10Be was produced in a reactor ushigp(ny)°Be and mass separated at ORNL. It is now being
prepared as a beam, with expected intensitypdd) as it has J,=1.5Myr.

scattering angle ~

Is this a better approac 208pp
Is It more precise?
Can one Iinvestigate the upper 5960k&%23,1- doublet?
Can we cross-check our DSAM results?
A QUESTION OF NUMBERS

C.J. (Kim) Lister: KERNZ08, Queenstown 1-6th E




Coulomb Excitation: 45 MeV°Be on?°Pb target

Q,, (spectroscopic)

Tough experiment:

el

+3.7 efm .
1 Cross-sections aféERY low
2" ; -
6.9 éfm¢ Hard to get statistics to beat
2589 DSAM...but can confirm.
5958 2590 5959
2.08 éfm* 0.024 éfm? 0.0074 éfm? IF the beam >1$(ppsAND the
B(E1l) are large then the upp
Q,, (spectroscopic) 2" doublet might be investigated.
-54 efrﬁ 3367 + oFirst State Excitation
7.89 éfm* 1.00E-03 RN . 2 .;;t:;:tizz State
O+ v ;)% 6.00E-04 M
1OB e g 4.00E-04 *
Ab-initio matrix elements (Wiringa / Pieper) injo *® )
DeBoer / Winter inelastic excitation codgle L ..--l ................. et

(Esbensen).




