Counts / 2 keV

30

16 < O,p(*°Mg) < 53’

25 F
20
15
10

Daoppler correction for Mg T

L. 1.1 Ll
140 F 167 Oap(**Mg) < 53’ -
120 F -
100 | 197ag 107 7q l
80 | 3212, 512 =112y -
Doppler correction for Ag 1

. -_ [ | _H ] A
200 400 600 800 1000 1200
E, (keV)

) [e%fm™]

+
1

B(E2; 0g ¢ — 2

700

600

500

400

300

200

100

Q. Niedermaier, PRL 94 172501 (2005)

2Mg=12TT + 20V

® standard techniques
("safe” CE, 1)

© intermediate energy CE
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Island of Inversion: Open guestions

0

normal
sd
configurations

2+

0+

Inversion
2% N\ /
N /
EQ E2 /A\
// N E2
0. L —
O+ B N\
30Mg 31Mg 32Mg
<€ °
Vd3/2
+

\Where are the borders?

*How does transition into island of inversion occur ?

*Does picture of shape coexistence hold?

intruder

fp
configurations

>~

Vf?/z




g-factor and spin of the 31.33Mg ground state

laser spectroscopy and 3-NMR
g-factor and spin for 3tMg and 33Mg

|20 from sign of g-factor - parity

Al Al Al Al Al Al Al Al Al
28 29 30 31 32 33 34 35 36

Mg | Mg | Mg | Mg MgI Mg | Mg ]Mg Mg 31Mg’ ITE = 1/2+ V(Sd)-s (fp)Z

e — 3BMg, I* = 3/2° v(sd)?(fp)?
Vd3/2 Vf7/2

h - = pure 2p-2h intruder ground states !

3IMg (N=19) 33Mg (N=21) 3IMg tIN=19) 33Mg (N>21)
—0-0— Df eee —o—~<
§ ©
-0800-d,,, -09000-
—e0— ee
ecscee ecccce
|7=1/2* |7=3/2

G. Neyens et al., PRL 94, 022501 (2005)
D. Yordanov et al., PRL 99, 212501 (2007)



400

300

Counts / 4 keV
S

-]
<

Coulomb excitation 3tMg
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GOSIA Coulomb excitation calculation

Results:
- one step E2 excitation

B(E2, 1/2+—5/2+) = 182 e*fm*
- decay of (5/2+,3/2+) level via M1 transition
B(M1, 5/2*— 3/2*)=0.1 — 0.5 2

- results confirms strong collective excitation
- rotational sequence: 1/2* — 3/2* — 5/2*

/2t

1236

512¢

988

3/2-

3/2*

1/2+

SDPF-NR*

5

320

T 1pT

712 1390
5/ 1310
945
e 5028 890
3/24 810
- 3% 720
3/2¢ 673 .
32~ 480
21/
32 140
3/2+ 50 .-
(J; ______ 1/2+ 0
Exp. AMD+GCM

M. Kimura, Phys. Rev. C 75, 041302(R) (2007)
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N 23 ; Al ~ § E E
S
S 9
320 || ] S ¥ § 221keV
D
S
3/2* S 50keV
NH >
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SIMg

M. Seidlitz et al; PLB 700 (2011) 181
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Nuclear structure studies through
in-flight measurements

Today

 Method: Coulomb excitation at relativistic
energies part Il

e 2. Physics case: ,More about shell model
modifications’

3. Physics case: ,Neutron deficient Sn nuclel
and the seniority scheme'




Coulomb excitation at relativistic energies
« Sommerfeld Parameter n>>1

 adiabaticity parameter &

®

‘i 2l = AE Teon = A_E£
h hc v

- higher excitation energies at relativistic energies
- access to GDR range 10 - 20 MeV

(Dcoll

Coulomb excitation: *5Cr — 197Au
E/A 5 60 130 500
AMeV | AMeV | AMeV AMeV

Adiabaticity | 0.6 0.17 0.11 0.05
parameter

E max 1.6 5.7 8.6 18.6
MeV MeV MeV MeV




Coulomb excitation cross section

104§ | | ||||||| | | ||||||| | I T TTTIH | I T T TTI1
- + +
10 0,~2,  GSl  Gpr
—_ (|B;] =0.284)
o 10 F E
8 — -
N — -]
o 10 = =
10(,) E_ 197Au ( 408,408 ) 197Au_§
E bmin =15 flTl E
10—1 | \||||| | | ||||||| | | ||||||| | L L
3 10" 10°

10! T 10° 10°

Beam Energy E/A (MeV)
GANIL, NSCL, RIKEN



RarelSotopelNvestigation at Gsi

134Ce. 136N 104-112G9n

68Ni

x _H_H H,@Ni/
2d512’ 197!2’ 381.-"2’ 2d3i'2’ 1h111'2
= 58Cr

JI > ’5:Ca 50
H- “Ca
2D32:2P12, 152,195, > Shell structure of unstable magic nuclei

» Symmetry along the N=Z line
» Collective modes, E1 strength distribution
» Shapes and shape coexistence




accelerators:

@ UNILAC (injector) - E<15 AMeV

@ SIS-E<1AGeV

beams:

@ Allion species up to 238U

@ Currents:
238[J _

2* 108 pps

medium mass nuclei- 10° pps

TARGET

HALL

=l FINAL FRS

ﬁh PRODUCT | ON

- TARGET

i
41| PROFILED

DEGRADER

—

"§ = FOCUS

e
T
A 5
; | DIRECT

T

TRANSFER
L INE
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High resolution y-spectroscopy at the FRS

FRS provides secondary radioactive ion beams:

Primary « fragmentation and fission of primary beams

beam Secondary
beam . .
. « high secondary beam energies: 100 — 500 MeV/u
/ S1 » fully stripped ions
Dipole
magnet
Producti _
‘target ~— TOF:p,

54 BaF2

Degrader array Cluster
8 detectors

FRS MUSIC ol 0

MW4l1, 42 x y ——> Position ——> Track of the beam

MUSIC -->dE } a7 P 0 ‘
SCI21,41  -->TOF -->3 \

SCI21

} -->A/Q _Bpe -
red CATE-Si CATE-(
array array

—

D. Magnet -->B p



y-Spectroscopy at relativistic energies

High cross sections
 Coulomb excitation
e Secondary fragmentation

Thick targets

Lorentz boost of y-rays

* Doppler shift

« Gain in geometrical efficiency
 Doppler broadening

Atomic background, a limiting factor
« X-rays from target atoms
 Radiative electron capture

* Primary Bremsstrahlung
 Secondary Bremsstrahlung

o (atomic) ~ 10000 * & (nuclear)

High energetic reactions

800.0

cross section {mbar)

200.0

600.0 [-

400.0

78N - 208pp E/A=100. MeV/u 1
8250 - 208ph E/A=100. MeV/u 1

Raman systematic: B(E2) vs 1/E

I T
excitation energy (MeV)

— Doppler' broadening

Detector opening
angle A0=3°

L B=Q.43 |

p=0.11
\A

30 60 90 120 150 180




Disadvantage

Doppler shift Doppler broadening

................. 20 ————————————t—————
po | /A Mev/u |
- 00 [ ENERGY RESOLUTION 1
DOPPLER SHIFT . -
B /A, MeV/u) A9,~10°
: <3 200
y =
L
A S
L
<
n-o ................. o-llllIII-I-l-III
0 20 40 B0 80 100 120 140 160 180 0 20 40 B0 80 100 120 140 160 180
9, [ 9, [

_Rel. HPGe energy resolution: 0,18 %



Lorentz transformation
- foreward boost

=> efficiency
- angular distribution

WNe+208Pp
T/A=200 MeV/u

laboratory system

50 100 150
8% {9



In-beam y-spectroscopy at relativistic energies

do/dE (b/keV)

do/dE (b/keV)

.l 1225 -> 28Plp —— 500 MV

103F % —— a00 MeVYu
00 MY

— 200 McVin

10! 100 M=V

10}

103

109

Energy (keV)

100 MeV 1328n — C-target
—— Sn - target

—— Pb - target

o = am
Energy (keV)

&0

Atomic Background
e X-ray

* Radiative electron capture
(capture of target electrons into
bound states of projectile)

* Primary Bremsstrahlung
(capture of target electrons into
continuum states of projectile)

« Secondary Bremsstrahlung
(stopping of high energy electrons in
the target)



15 EUROBALL

Cluster detectors 1

105 Ge crystals 3

H.J. Wollersheim et al.; NIM A 537 (2005) 637

Ring Angle Distance | Resolution | Efficiency
[deg] [mm] [%] [7%]
15.9 700 1.00 1.00
33.0 700 1.82 0.91
36.0 700 193 0.89
Total: o &




Ge-Cluster detectors

Seven encapsulated Ge crystals in common vacuum
Efficiency ~60 % each, hexagonal tapered

i
i

. {
R
”‘N‘

i
\(
\ -




RISING experimental setup

W RN =
Ge Cluster detectors .

detectors

Ge I\/IINIBALL detectors ;




52 5120 'd3p Zo/2

368 d_lf’
348i[ [5, S
31MgH Modified shell structure in neutron-rich
e Ca-, Ti-, Cr-Isotopes due to weaker
L . nf,, —vfs,, monopole pairing interactions?
. (sub)shell gaps at N=32 and N=347
20

Z=14(16) shell stabilisation and Z=12 shell
guenching in N=20 isotones.
(sub)shell gaps at N=14,16 for Ca isotopes?




Al
» Large scale shell modell calculations ol
- GXPF1, GXPF1A g
M.Honma et al, 5 2
Phys. Rev. C65(2002)061301 .
- KB3G °
E.Caurier et al,
Eur.Phys.J. A 15, 145 (2002) s
= 1
E ® Exp.
-=== GXPF1
-=-== KB3G
» Transition matrix elements 0 —_ A,
- B(E2) in 525456T| (MSU)
- B(E2) in 54.56.58Cr (GSI) _
=
2 1

20 24 28 32 36 40
Neutron Number



RI beam: fragment identification and tracking

Z a0g

Primary beam %°Kr, 480 MeV/u, 10° p/sec %5 : MEEY s
- 56Cr HMSy_rﬁ '0.3517300
Secondary beams, 136 MeV/u: 25 : oo
e S4Cr:4 x 103 part./s, 22 h, 45% >*Cr 245 500
e 56Cr:1x103part./s, 20 h, 35% 56Cr Zm - oo
e 58Cr: 3x 102 part./s, 55 h, 25% 58Cr 2 8
22 agment ide atia 10

21'3.1 215 22 225 A/Q w 24 245 25 255 26

Tracking before target Multiwire extrapolation to target
MW, MW,  Target CATE O e T g
: Si Csl a- -, - = £
Sll 2 oobs. 5 L 4o
o i e
0# : 100
20?3.:. "0
\ \@\Y e e 0
N 60 0
’y \\ -80° :;_.l.':'-' 0

-10q_l-||'.JIIIIII;LJ-'.I'J.'IEIJ.II o E1 l‘.ll.“:]“.
-100 -80 60 -40 -20 0 20 40 860 80 1UUmm



lorimeter  lescope
Particle Identification and Tracking after Target

R. Lozeva et al, NIM B, 204 (2003) 678

E
* Csl detectors
» Z identification

AE
* 0.3 mm thick Si detectors
» Z identification

* Position sensitive

|  cate.ensi : cate.encsi {cate _segment==4} *6Cr + 197Au Tracking after target

1uu
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A
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Tracking:

- Doppler correction

- scattering angle

« velocity v/c from TOF (event-by-event)

e tracking of ions: y-ray emission angle

d y-ray energy resolution

d scattering angle

Counts

835
v-ray energy (keV)

MW, MW, Target

Limit in scattering
angles 0.6° to 2.8°
corresponds to
impact parameters:

200 | /{
i 4
i - %\ [ 40to 10 fm

Counts

! F) _

I . h _

§ }/ / \ i

DN N
1 2 3

0 4

scattering angle (deg)
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Relativistic Coulex in N=28-34 Nuclel

New Shell Structure at N>>Z

10

15— 2 —
_ o 58 i
10 Cr _
) _
5 — F
] L a
600 800 1000
E, [keV]

1200
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GXPF1A
GXPF1
KB3G
previous exp.
current exp.

22 24 26

A. Birger et al., Phys. Lett B 622, 29 (2005)
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Neutron number N

28 30 32 34 36 38

) Energy (keV)

E@

30 32 34

I |

— GXPF1A

GXPF1

~-- KB3G
previous exp.
current exp.

e Experiment
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N
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Ju—
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(b)
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wn

e Experiment |}
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E / MeV
=
h ©

— GXPF1A

481 SOrj 92ty B4y 56,

D.-C. Dinca et al., Phys Rev. C 041302(R) (2005)
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Stable beam lifetime measurement in 6Cr

Doppler shift;

Recolil Distance Doppler Shift AE=E, vic -cos(6)

Plunger Method

E,.
detector S E
48 q
i ElE stopper { BAE S
1B beam L Ly :
W
\VZZO
X ; t=x/v,
*Ca(B,p2n)>°*Cr @ 30 MeV Set up: Cologne plunger
Cologne tandem accelerator Foreward: EUROBALL Cluster

Backward: 5 Ge-detector



counts

lifetime measurement in °6Cr
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M. Seidlitz et al. Phys Rev.C 84, 034318 (2011) Neutron number N



lifetime measurement in °6Cr

Mass number N

40 44 46 48 50 52 54 56 58 60 62
[ | [ [ [ | | | | |
-— == GXPF1
35 Cr - —-— GXPF1A
g
— B 3G*
S 0~ 1T ... KB3G™
E_ ®  previous exp.
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Neutron number N

M. Seidlitz et al. Phys Rev.C 84, 034318 (2011)



- [\ = O o0 N O = o0

34l Si 40°C3 48l(:a 54lea
[N : o(2p/2p)/MeV
A |
¥ 1Y |
| | |
! - !
# | | j B(E2)/Wu
O | }f | |
\\\l l—m |
p--o- 8= I
| I E(H/MeV!
$- o |
u'| \\M |
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T
10 20 30

N/Z

32Ca34Ca3Ca 40Cg
20 W W H
ds, Sy dap
A 3/2
. 365
S
1/2. g
ds;, 0 32Mg
> 20
N

Is N,Z=14(16) shell stabilisation and
N=20 shell quenching symmetric in
isospin projection T,?

Isospin symmetry in Z=20 isotopes
- excited states in %6Ca vs 36S
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