Transfer reaction studies of neutron rich Be isotopes.

/v

Jacob S. Johansen
Aarhus University

25. May 2012




In

1Be + d

@ The experiment was performed at
ISOLDE in 2010 using MINIBALL ai
T-REX.

@ Inverse kinematics.
o 'Be(d,p)*?Be (Primary reaction).
o Study of single particle excitations
o 'Be(d,t)!Be.
o 'Be(d,d")!'Be.
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physics case: The mixing of the Op and the sd shells.
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The experiment.

RADIOACTIVE HS@L@E @ERN

LABORATORY

11Be beam:
® Epeam = 2.85 MeV/u.
0 lpeam = 100 /s.

@ 4 days of beamtime.

1.4 GeV PROTONS

Targets:
@ CD; (Primary).
@ CHy, C (Background).
o Ag (Beam intensity).

NEW EXTENSION 2006
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The MINIBALL and T-REX setup

[en]

Beam Miniball

Backward

MINIBALL: garrel

@ 8 clusters.

Barrel

@ 3 detectors in each cluster.
@ 6 segments in each detector.
T-REX:

@ 4 annular telescope detectors
(5004m+5001m) (CD).

@ 8 Pad telescope detectors
(1401sm+1000pm) (FB+BB).
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The MINIBALL and T-REX setup
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Miniball
Cluster
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MINIBALL: = » =
@ 8 clusters. Forwerd u 1ep
12
@ 3 detectors in each cluster. 10
@ 6 segments in each detector. ::
T-REX: D
2
@ 4 annular telescope detectors R N T I I I I T
0 20 40 60 80 100 120 140 160 180
(5001tm+500um) (CD). O1ab (deg)
@ 8 Pad telescope detectors CD FB BB

(1404m-+1000um) (FB+BB).
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The MINIBALL and T-REX setup
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d(*'Be,p)?Be

Miniball
Cluster
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MINIBALL: Barrel s o i
@ 8 clusters. Forward E,

Barrel
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@ 3 detectors in each cluster.
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@ 6 segments in each detector.
T-REX:

N A O ®

@ 4 annular telescope detectors
(5001tm+500um) (CD).

@ 8 Pad telescope detectors CD FB BB
(140m+10001m) (FB+BB).
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AEE Identified particles
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Good statistics, but gammas

are needed to separate closely lying states.
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Identified particles

Gamma detection:
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Elastic scattering dominates
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Red: Gamma gated Excitation spectrum.
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Identified particles

E* vs E, for the (d,t) reaction.

d(}!Be,t)!°Be
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o Identified all but one bound state in 1°Be.
@ Separated 1; and 2; even though AE = 5keV.
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Identified particles
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Identified particles
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Identified particles
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Black: Total excitation spectrum.
Red: Excitation spectrum from ~-gated and C-background spectra.

The background and the y-gated spectra cover all except the ground state.
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Differential cross sections
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do/dQ (mb/sr)
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Optical model calculations

11Be(d,d)!!Be.
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Black line: Watson et al. Phys Rev 182 977
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Optical model calculations

11Be(d,d)!!Be.

Satchler | Fit1 | Fit 2
1247 | 151.2 | 70.44
0.9 1. 2.28
0.9 1.65 | 0.25
4.38 4.8 2.9
ri 2.275 2.5 2.1
a; | 0.264 | 0.454 | 0.45

éﬂ)-t<

i

Black dots: Elastic scattering.
Black line: Satchler et al. Nucl. Phys 85 273
Blue line: Fit 1.

Red line: Fit 2.
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Optical model calculations

11Be(d,d)!!Be.

5 Satchler | Fit1l | Fit 2

£ V | 1247 | 1512 70.44

g r 0.9 1. 2.28

100 a 0.9 1.65 0.25
W 4.38 4.8 2.9
ri 2.275 25 2.1
aj 0.264 0.454 | 0.45
% w & o)

Black dots: Elastic scattering. Next Step: CDCC

Black line: Satchler et al. Nucl. Phys 85 273 .

Blue line: Fit 1. calculations.

Red line: Fit 2. Compound reactions?

J. Johansen (AU) Studies of 10°11:12Be 25. May 2012 11/ 14



DWBA calculations PRELIMINARY!!

11Be(d,p)'?Be.

Generalized optical potentials are used:
g 7 Be+d: Satchler et al. Nucl. Phys 85 273.
T 11.12Be 4 p: Watson et al. Phys Rev. 182 977.

PRELIMINARY: Spectroscopic factors:
HBegS ® | Exp | Shell model.

gg N 07 | Isipo 0.4 0.78
27 | Ods;, |0.35 0.52
05 1s;p | 0.55 0.37

11_ Opl 2 1.
Shell model: Fortune et al. Phys Rev 83 044313
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A low lying resonance in 1°Be

12Be
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A low lying resonance in 1°Be

d(*'Be,p )'’Be
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To much background to see anything.
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A low lying resonance in 1°Be

d(*'Be,py)?Be
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The reaction is clearly seen.
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A low lying resonance in °Be

A simple assumption
11 12
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4 +n
T |°Be; ?) = ["°Be; 07) |n; 1sy2) |n; 7)
A P
2" |"Be;1/27) = |"Be; 07) [n; 0py o)
ot
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The reaction is clearly seen.
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A low lying resonance in °Be

A simple assumption
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A low lying resonance in °Be

A simple assumption
11 12
d(*'Be,py) ?/; ["Be; 1/2%) = [°Be; 07) |n; 1sy )

4 +n
T [*Be; 17) = ['°Be; 07) |n; 1sy/5) [m; Opy2)
2t —1é+ J—n

|'"'Be;1/27) = |'Be; 0%) |n; 0py /o)
ot Preliminary three body calculations (E. Garrido)
Low energy particles gated on and '°Be(t,p) reactions indicates a 1~ rather

E, = 320keV. thana 0.
Differential cross section (PRELIMINARY):
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The reaction is clearly seen.
Dots: Experiment. Black: 2. Blue: 17 .
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o '0.1L12Be have been studied through transfer reactions and scattering.

@ Gamma detection using the MINIBALL enabled identification of all
but one bound states.

@ Differential cross sections have been determined experimentally, and
some are compared to theoretically calculated.

@ A new quantum number (17) has been suggested for the lowest
resonance in °Be.
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Thanks to:

The MINIBALL and the 15430 collaborations.
A. S. Jensen, E. Garrido and A. Moro for theoretical assistance.

J. Johansen (AU) Studies of 10°11:12Be 25. May 2012 14 / 14



