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Outline TUT

Technische Universitat Minchen

» Transfer Reactions in inverse Kinematics
» Setup

s Island of Inversion

s Results from d(*°Mg, 3*Mg)p

» Two neutron transfer: t(*°*Mg, 3*Mg)p

» Outlook & Summary
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Transfer Experiments with RIBs  TUTI

Technische Universitat Minchen

radioactive ion beam impinges on target
with deuterons (deuterated poly-ethylene)

Deuteron

é
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/ radioactive ion beam impinges on target
with deuterons (deuterated poly-ethylene)

Proton

Deuteron

P -
Q- O

1SOI DF Work<shon 17-1911 2008 — n R/17 =



Transfer Experiments with RIBs  TUTI

Technische Universitat Minchen

/ radioactive ion beam impinges on target
. with deuterons (deuterated poly-ethylene)

Proton Proton

‘ (P’ﬁProton Y
Deuteron M@E:
¢,

VEjectiie = 0

Experimental Observables:

# compare measures cross sections with DWBA calculations
=-relative spectroscopic factors S

»# particle angular distributions =-orbital momenta [
# excitation energies =-single particle energies
# ~ angular distributions

# particle-y-correlations =-spins I

1SOI DF Work<shon 17-1911 2008 — n R/17 =



Transfer Experiments with RIBs  TUTI

Technische Universitat Minchen

/ radioactive ion beam impinges on target
. with deuterons (deuterated poly-ethylene)

Proton Proton

?.Vproton Y
Deuteron M ] ] . )
9.0, =determination of configurations by

_ , | comparison with shell model calcula-
ﬂEjectile =0 tlons

complementary to coulomb excitation
Experimental Observables: experiments

# compare measures cross sections with DWBA calculations
=-relative spectroscopic factors S

»# particle angular distributions =-orbital momenta [
# excitation energies =-single particle energies
# ~ angular distributions

# particle-y-correlations =-spins I
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Transfer with Coulex Setup TUTI

Technische Universitat Minchen

PRAC

(position,timing)

CD-detecor

A
REX- Z ,
ISOLDE  E/a = 2.2 (3.0) Meviu

target
(~1-10 mg/cm?)
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Transfer with Coulex Setup

PRAC

(position,timing)
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E/A = 2.2 (3.0) MeV/u

target
(~1-10 mg/cm?)

M. Pantea, PhD Thesis (Darmstadt, 2005)
ongoing work: E. Tengborn (Chalmers)
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Transfer with Coulex Setup

PRAC

(position,timing)

CD-detedor

A
REX- Z
ISOLDE
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E/A = 2.2 (3.0) MeV/u

target
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M. Pantea, PhD Thesis (Darmstadt, 2005)
ongoing work: E. Tengborn (Chalmers)
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1S410 @ REX-ISOLDE

TUTI

Technische Universitat Minchen

optical potential 1

2H(30Mg,p)31Mg(222keV)

optical potential 2

2840

f
;

2p3p

# interesting parts of angular distribution not covered by particle detectors

| ——DWRBA calulation (S = 1.00) —(S=1.00)
—fit to data (S = 0.90) | ——(5=0.67)
1d3p 1dgp
L =,
L .
b B
s L
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» E.., Is smaller than in normal kinematics =-less pronounced angular distri-

butions
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Transfer Experiments with RIBs  TUTI

» better momentum matching =-higher cross
section (optimal around 3 MeV/u)

Technische Universitat Minchen

2H (24,32,36Mg' 25,33,3?Mg) D

60 -

Mg(7/27)

20 -

E . (MeV/iu)
H. Lenske, G. Schrieder, EPJA 2, 41 (1998)
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Transfer Experiments with RIBs  TUTI

» better momentum matching =-higher cross
section (optimal around 3 MeV/u)

» smaller E.,, =higher contribution by
compound reactions?

1072 .
- compound reaction
& [TIteeo it
o R S =TT
é \\:‘\555—_—__——:;/
> L =
S 2H(30Mg,p)31Mg(51 keV)
2 2H (30Mg p)31Mg(222 ke V)
— — —- 2H(3Mgp)3Mg(461keV)
103 ] ] ] ] I ] ] ] ] I ] ] ] ]
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Technische Universitat Minchen

2

H (24,32,36Mg' 25,33,37Mg) D

Mg(7/27)

E=2.2MeVu M. Pantea, PhD Thesis (Darmstadt, 2005)

E . (MeV/iu)
H. Lenske, G. Schrieder, EPJA 2, 41 (1998)
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Transfer Experiments with RIBs  TUTI

Technische Universitat Minchen

# better momentum matching =-higher cross 2 (3*20 g, 25 0y

section (optimal around 3 MeV/u) 601 -

» smaller E.,, =higher contribution by
> *Mg(7/2°)

compound reactions? o
| e 40
no such protons observed, can be explained ™
by low neutron separation energy which favors ©
neutron evaporation 20 .
-2
10 - compound reaction
= ;_ _ O
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e T NS L T
E i S~ - E Iub(MeV/U )
S 2H(30Mg,p)31Mg(51 keV) H. Lenske, G. Schrieder, EPJA 2, 41 (1998)
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— — — - 2H(30Mg,p)31Mg(461 keV)
E =2.2MeViu M. Pantea, PhD Thesis (Darmstadt, 2005)
-3 ] ] ] ] I ] ] ] ] I ] ] ] ]
10 0 60 120 180
% om (deg)

1SOI DF Work<shon 17-1911 200 — n 5/17 =



New Setup 2007 TUTI

Technische Universitat Minchen

» Miniball v-spectrometer:
24 6-fold segmented
HPGe crystals in 8 triple
cluster

» forward barrel:
140/1000 pm silicon
Miniball

Cluster o backward barrel/CD:
500 um silicon

Forward

Barrel s target: 1 mg/cm?

deuterated PE

Backward
Barrel
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Setup |l TUTI

Technische Universitat Minchen

» build and tested in Munich

# detectors and electronics were
funded by Leuven, Orsay and Munich

» first experiment with new transfer
setup in fall 2007
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Frontiers and challenges of nuclear shell model

Island of Inversion

T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)
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Technische Universitat Minchen
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Island of Inversion TUum

Technische Universitat Minchen
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Frontiers and challenges of nuclear shell model

Island of Inversion

T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)
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Current Status of 3Mg TUTI

Technische Universitat Munchen

1IS410 @ REX-ISOLDE: “safe” Coulex

30Mg is OUTSIDE many theories explain
and this, but . ..
32Mg is INSIDE
of the O. Niedermaier et al.,
“Island of Inversion” PRL 94, 172501 (2005);
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Current Status of 3Mg TUTI

Technische Universitat Munchen

1IS410 @ REX-ISOLDE: “safe” Coulex

30Mg is OUTSIDE many theories explain
and this, but . ..
32Mg is INSIDE
of the O. Niedermaier et al.,
“Island of Inversion” PRL 94, 172501 (2005);
1/2+ -1.37
2.5 F : !
= Experiment Mixed 2p-2h Op-0Oh
é np-nh  1p-1th [52+
Ll
S
1.0
l!newn
%5 2p-2h
1p=1h
0.5 (7/2)- 461 —
3/2-
3/2+
7/2- -1.13
0 -1.12  3/2- -1.84 3/2+ +1.34 \ 1/2+

G. Neyens et al., PRL 94, 022501 (2005)
F. Maréchal et al., PRC 72, 044314 (2005)

> 90%
intruder
configuration
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Current Status of 3Mg

1IS410 @ REX-ISOLDE: “safe” Coulex

30Mg is OUTSIDE many theories explain
and this, but ...
32Mg is INSIDE
of the O. Niedermaier et al.,
“Island of Inversion” PRL 94, 172501 (2005);
1/2+ -1.37

%5 | Experiment Mixed 2p-2h Op-0Oh
= np-nh 1p-1h [ 532+
L
S 3/2++0.64
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l!newll
5 2p-2h
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' 7/2-
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7/2- -1.12 3/2- -1.84 3/2+ +1.34 1/2+

0

G. Neyens et al., PRL 94, 022501 (2005)
F. Maréchal et al., PRC 72, 044314 (2005)
> 90%
intruder
configuration

TUm

Technische Universitat Munchen

ground states

normal
sd
configurations

mostly g-factor

intruder

fp
configurations
ments
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Current Status of 3Mg TUTI

Technische Universitat Munchen

1IS410 @ REX-ISOLDE: “safe” Coulex

30Mg is OUTSIDE many theories explain _ ]
and his. b Check the configurations of
; this, but ...
32mg is INSIDE _ _
ey, Ofthe O. Niedermaier et al., the excited states with (d,p)
Island of Inversion PRL 94, 172501 (2005);
transfer reaction In inverse
1/2+ -1.37 . .
%’5 [ Experiment Mixed 2p-2h Op-0Oh k|nemat|C.
= np-nh 1p-1h [52+
- S
1.0} d stat
l new" ground states
2p=2h normal
05l Tp-1h sd
' {772y 461 1/2+ -0.6¢ 7/2—- configurations
32—
7/2- 113 ol intruder
oL 172z 7/2- -1.12  3/2- -1.84 3/2+ +1.34 1/2+ _ fp _
G. Neyens et al., PRL 94, 022501 (2005) mostly g-factor = nts configurations
F. Maréchal et al., PRC 72, 044314 (2005)
> 90%
intruder
configuration
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Calibration of E .., Detectors TUTI

Technische Universitat Minchen

» Barrel detectors in forward direction are AE-E,.; telescopes:
Calibration with a-source not possible for E,..; detectors
because the AE-detectors in front of them stop the « particles.
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Calibration of E .. Detectors

TUTI

Technische Universitat Minchen

» Barrel detectors in forward direction are AE-E,.; telescopes:
Calibration with a-source not possible for E,..; detectors
because the AE-detectors in front of them stop the « particles.

» But detection of vs (e.g. from a ™2Eu source), which were
compton-scattered in the E, detectors, with the MINIBALL-

array allows calibration.
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Particle Identification TUT

Technische Universitat Minchen
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Particle Identification TUT

Technische Universitat Minchen
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d(%’Ne,*>Ne)p reaction

® %2Ne beam with 2.86 MeV/u on a 1 mg/cm? thick deuterated PE target

® cut on prominent y-line at 1016.95 keV
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TUm

Technische Universitat Munchen

two components: 1/27 state at 1016.95 keV and 3/2~ state at 3220.66 keV
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d(%’Ne,*>Ne)p reaction TUTI

Technische Universitat Miunchen

® %2Ne beam with 2.86 MeV/u on a 1 mg/cm? thick deuterated PE target

® cut on prominent y-line at 1016.95 keV
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0

part.

two components: 1/27 state at 1016.95 keV and 3/2~ state at 3220.66 keV

3
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d(%’Ne,*>Ne)p reaction

# 22Ne beam with 2.86 MeV/u on a 1 mg/cm? thick deuterated PE target

#® cut on prominent ~-line at 1016.95 keV

TUm

Technische Universitat Munchen

1000

counts/°

800

600

400

200

I:ll:'il

| | " I | I {— |- I 11| —

20 40 60 80 100 120 140 160
O

=T

180

par.t'lalb

two components: 1/27 state at 1016.95 keV and 3/2~ state at 3220.66 keV
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d(%’Ne,*>Ne)p reaction TUTI

Technische Universitat Munchen

# 22Ne beam with 2.86 MeV/u on a 1 mg/cm? thick deuterated PE target

#® cut on prominent ~-line at 1016.95 keV
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two components: 1/27 state at 1016.95 keV and 3/2~ state at 3220.66 keV
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~v-Spectrum TUTI

Technische Universitat Minchen
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Cut on coincident protons, Doppler corrected with 9(**Mg) = 0°
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Angular Distributions of 3*Mg  TUTI

Technische Universitat Munchen
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counts/ °

Angular Distributions of

SiMg LI

Technische Universitat Miunchen
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# cuton 170.5 keV (6 keV width)

»# correction for background by average of two windows of same width at

160 and 180 keV

# no correction for feeding from higher states
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Improvements

TUTI

Technische Universitat Minchen

» to reduce background from $-decay backward detectors now
also consist of 140 um strip detectors and 1000 xm pad

detectors

= AE-E,.; Identification of betas and protons possible
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= AE-E,.; Identification of betas and protons possible

» new target ladder suitable for tritium target (sealed airtight)
=two neutron transfer reactions possible
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Technische Universitat Minchen

» to reduce background from $-decay backward detectors now
also consist of 140 um strip detectors and 1000 xm pad
detectors
= AE-E,.; Identification of betas and protons possible

» new target ladder suitable for tritium target (sealed airtight)
=two neutron transfer reactions possible
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Shape coexistence in the "Island of inversion": Search for the 0, state
in 32Mg applying a two-neutron transfer reaction

(2;) E- 105
. s F == 0
@) E T — - 2} 886 keV
2p-2h -
. 0" op-0h 2n transfer | g k. — 01500 keV 4—
2 - 0 ‘ g E 2; 2870 keV
simultaneous P C
’,/"sequential 107
. o somg Mg 2 Mg 0 . §
similar particle-hole structure: 0t
m large overlap of wavefunctions .
10—0 s b b b b b b b by
m large spectroscopic factor for transfer R T
m selective population expected about 700 counts in 9 days for

the 07 state

Kathrin Wimmer ISOLDE Workshop and Users meeting 2008



TLTI Particle Identification

Experimental challenge: radioactive tritium target

m use of tritium loaded titanium foil
m low beam energy 55 MeV to avoid fusion with the titanium

Identify particles in forward direction by AE — Ejggt:

S0 comparison with (d,p) run
g 9 100 s 1op
w E i o 10
< w
<
7 10°
62
s
= 10?
4
3f
E 10
" 5 00 2 3 4 6 8 10 12 14
o e e e, 10 E,oe; [MeV]
) 2 4 6 8 10 12 14
Eres( [Mev]

no deuterons, (t, d) reaction disfavored by large negative Q-value Q = —3.9 MeV

Kathrin Wimmer ISOLDE Workshop and Users meeting 2008



TLTI Proton distribution

In forward direction cut on protons in AE — E,eg; spectrum:

only protons from reactions
o =25 10

E [MeV,

20

10

m about 2000 protons g
identified in 150 h of beam E el Ll
time o 2 4 6 8 10 12 sjtfip N:_s

m elastic scattered protons are
stopped in the AE detector m 3 states visible?
m about 900 counts in each region
consistent with our expectation

m two neutron transfer reactions in inverse kinematics work!

Kathrin Wimmer ISOLDE Workshop and Users meeting 2008



Summary & Outlook TUTI

Technische Universitat Minchen

# IS 454 & IS 470: two successful experiments with the new setup for
transfer reactions (including two neutron transfer) at REX-ISOLDE
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transfer reactions (including two neutron transfer) at REX-ISOLDE
# iImprovements:
» better suppression of 5 decay background in backward direction

» new target ladder suitable for tritium target (sealed airtight) =two
neutron transfer reactions possible
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# IS 454 & IS 470: two successful experiments with the new setup for
transfer reactions (including two neutron transfer) at REX-ISOLDE
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» better suppression of 5 decay background in backward direction
» new target ladder suitable for tritium target (sealed airtight) =two
neutron transfer reactions possible
» further experiments were approved:
» d(°°Ni,°"Ni)p - proposed by KU Leuven
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Summary & Outlook

TUTI

Technische Universitat Minchen

# IS 454 & IS 470: two successful experiments with the new setup for
transfer reactions (including two neutron transfer) at REX-ISOLDE

# Improvements:

» better suppression of 5 decay background in backward direction

» new target ladder suitable for tritium target (sealed airtight) =two

neutron transfer reactions possible

» further experiments were approved:
» d(®°®Ni,°’Ni)p - proposed by KU Leuven
» more to come

# upgrade to HIE-ISOLDE:
» higher beam energies will be available

=-transfer reactions with higher masses possible

» 0°-spectrometer will allow direct measurement of the nuclei of

interest
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Collaboration TUT
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Sektion Physik, Ludwig-Maximilians-Universitat Minchen , Garching, Germany
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Thanks for your attention!

1SOI DF Work<shon 17-1911 200 —n 17/17



	Outline
	Transfer Experiments with RIBs
	Transfer Experiments with RIBs
	Transfer Experiments with RIBs
	Transfer Experiments with RIBs

	Transfer with Coulex Setup
	Transfer with Coulex Setup
	Transfer with Coulex Setup

	Transfer Experiments with RIBs
	Transfer Experiments with RIBs
	Transfer Experiments with RIBs

	New Setup 2007
	Setup II
	Island of Inversion
	Island of Inversion
	Island of Inversion

	Current Status of 	s {31}Mg
	Current Status of 	s {31}Mg
	Current Status of 	s {31}Mg
	Current Status of 	s {31}Mg

	Calibration of E$_{mathrm {rest}}$ Detectors
	Calibration of E$_{mathrm {rest}}$ Detectors

	Particle Identification
	Particle Identification

	d(	s {22}Ne,	s {23}Ne)p reaction
	d(	s {22}Ne,	s {23}Ne)p
reaction
	d(	s {22}Ne,	s {23}Ne)p
reaction
	d(	s {22}Ne,	s {23}Ne)p
reaction

	$gamma $-Spectrum
	Angular Distributions of 	s {31}Mg
	Angular Distributions of 	s {31}Mg

	Improvements
	Improvements
	Improvements

	Summary & Outlook
	Summary & Outlook
	Summary & Outlook
	Summary & Outlook

	Collaboration
	Collaboration

	2ntransfer.pdf
	 
	Particle Identification
	Proton distribution


