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b>RP+RT

Pb

selm ~ Z2
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� CD = � n(E) sg����!���

sg���"�#$�%�&!'((��')%'�*��
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n(E): equivalent photon spectrum

angle-integrated
CD cross section
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H.Emling, Progr.Part.Nucl.Phys. 33 (1994) 729

�(���
������.���
��������
����
��� / 0 1�

+0- 1���	�
��

"������
��

������
�(���
����2
���� "�����
��
�3,����������2
���� )�
��

�������
���
����2



SIS

SIS18 ESR

Stable beam
from SIS18

5���*%���	������ �%�%3-�/�'�%�/�6	�%7$��87�$�8��

LAND/

ALADIN

in Cave B

KaoS in Cave C

C

B

direct stable beams

FRS

degrader

Fragmentation in
FRS target separated

fragment beam
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Projectile-like fragments:
950 A MeV 238U
on various targets
Inclusive 1n-5n-out-
cross sections
(fragment identification at FRS)

Aumann et al., 
Z.Phys. A 352 (1995) 163

nuclear
2-phonon  
GDR1-phonon  

GDR

total1n 2n 3n 4n
5n
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projectile tracking

target

beam
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fragment tracking
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Crystal Ball (photons)
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Resolution:
ssssTof ~  200 ps
ssssp ~    5 - 10 MeV/c
ssss IVM ~   0.1 - 1. MeV

Efficiency
1

Neutron Energy (MeV)Nucl. Instr. Meth. A314 (1992) 136
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K.Boretzky et al., 
Phys. Rev. C 68 (2003) 024317
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Aumann et al., 
Ann. Rev. Nucl. Part. Sci.
48 (1998) 289
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� ���� 5� ���� 6�3 GGGG���� 5GGGG��� 63

centroid

width

spreading
width

cross section
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B� – from position at
middle focal plane 
of the FRS

� – from TOF

Z – from � E
LAND

� Primary: 3*108 238U/spill @550MeV/u

� Secondary (mixed): 50 ions 132Sn/spill (~10/sec @500 MeV/u)

132Sn

1������������� 3,+ %������� +,- .���������	��'�%
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differential CD
cross sections

photo-neutron cross sections

GDR

PDR

P. Adrich et al., 
PRL 95 (2005) 132501

� PDR/� GDR � 0.03 – 0.05
in agreement with rel-RPA theory

stable nucleus,
measured with
real photons

unstable nuclei,
measured with
virtual photons
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"...,the pygmy dipole resonance may place important
constraints on the neutron skin of heavy nuclei and, as a 
result, on the equation of state of neutron-rich matter."

J. Piekarewicz, PRC 73 (2006) 044325
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132Sn

po M MeV/fm3 N

ratio of B(E1)

neutron skin

"symmetry energy pressure"

rel-RPA calculations
N. Paar

A. Klimkiewicz, N. Paar et al., 
PR C 76 (2007) 051603R
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~20 m

40Ar 

primary 

beam

Reaction 
products 
after target

from 20O  
fragments
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20O

Incident 
fragment 
beam

(from 40Ar)

g-ray detection:
tag final state!
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Density distribution Differential cross section
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|11Be>>>> =  ÖÖÖÖS(2+) |10Be(2+)ÄÄÄÄ1d5/2 >>>> + ÖÖÖÖS(0+) |10Be(0+)ÄÄÄÄ2s1/2 >>>> + …

11Be � 10Be(0+)+n

Palit et al., PRC 68 (2003) 034218

C2Ss1/2=0.70 ± 0.02
Typel & Baur, 

PRL 93 (2004) 142502
������ �� ���������������������� ���� �� ®®®® ������ �� �������������������� gggg ������������

2+ � 0+
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Results:

� dominantly dipole excitations

� ground state spin Ip=1/2+

� 18C(0+)� 1s1/2: S = 0.67

� separation energy Sn=530(130) keV

Nakamura et al., PRL 83 (1999) 1112

19C � 18C + n @ 67 A MeV (RIKEN)
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���������������� gggg ���� ������������ 	 			

����	�����	�����	�����	� ���� ������������ gggg

8B

7Be

p

Example:
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Baur, Bertulani and Rebel, Nucl. Phys. A 458, 188 (1986); Bertulani and Baur, Phys. Rep. 163, 299 (1988)
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Seattle experiment (Junghans et al., 2003)
is incompatible with earlier (p,g) studies

Theoretical model required!

M1 resonance

M1 resonance
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7Be

p
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8B + 208Pb � 7Be + p + 208Pb   (CD)
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– �����	����������������=��N +><

� � p = 4/5 k2/k�
2 � p� k� = (Ecm+Q)/� c

k2 = 2	 Ecm/� 2

k2/kg
2 � 1000

d� CD/dEcm = 1/Ecm dn� /dEcm � � p
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SIS

SIS

FRS

ESR

degrader

Fragmentation in
FRS target

350 A MeV 12C

1������������� - ��	��%�%3-7'�%

KaoS in Cave Cseparated
fragment beam

C

B

254 A MeV 8B
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From FRS:
254 A MeV 8B

KaoS:
large-acceptance
focussing
spectrometer



��	������������� - ��;8��
��������

� �����	�������������	)��� - �� � A��/� =��
��
����������3>

� ��������������������3�	����+���������	���� =C3������ ��������������	��D��>

� �3�	����+����������L

� ��
�����������������< =��
��
�����	����
������
���?

1���������������	����� 

� 5��������	����������M��������������	���������	���� 

� �������
��������	������

� �������
��������	������������

� ;�������������� s7�� ;8 ���% 3A=�>�������	�
�����(	������������������3���������	�� ��L

���� ��
��*���, 9���
�$��

���

��
���������������.�
��3�����
�%���� �<

5���� ���	��?��1���@3,�=3EEA>�3BA '



�����	�����	������� ������	 �� �
��

�� A���	�
��	� ������	����� =3>

1.order Perturbation Theory dynamical calc.
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S17(exp) = Nexp/Nsim*S17(theor)
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at FAIRnow

R3B
GLAD super-cond.Dipole

NeuLAND n-detector

CALIFA calorimeter

LAND/ALADIN
ALADIN Dipole

LAND n-detector

CrystalBall for g's

Reaction
Setup

Super-FRS
two-stage separator

large efficiency
for fission products

FRS
single-stage separator

small efficiency
for fission products

Projectile
Fragment
Separator

SIS100

 5�1011 238U

SIS18
~109 238U

Driver
Accelerator



All Branches

Super-FRS
target hall

LEB cave
low-energy  or
stopped beams

R3B cave

Super-FRS

to storage rings
(CR, NESR)

Reactions with
Relativistic
Radioactive 
Beams

=

"LAND++"

=
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GLAD parameters:GLAD parameters:
• bends 15 Tm beam by 
 18°

• bends protons by 
 50°
! qx,y � ±80 mrad opening angle for 

neutrons
• (relatively) small fringe field

Design: CEA Saclay
path length (m)

fie
ld

(T
)
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Existing LAND detector:Existing LAND detector:
• s t < 250 ps
• s x,y,z � 3 cm
• Size: 2 x 2 x 1 m3

• Plastic scintillator / Fe converter 
sandwich structure

NeuLANDNeuLAND design goals:design goals:
• s t < 100 ps
• s x,y,z � 1 cm
• Size : approx. 2 x 2 x 0.8 m3

• RPC for timing with integrated Fe-
converter

Fe

���	��	����	���=�W>����������� 	�����������
(����,9������
����	���	���300��
7�� + 1� �	�
�� 

X�W J�+0�)�4 �����W�J�300�)�4

1�������$��8 �X �W�J�+00�)�4

Prototype assembly



'������ �,���M�������

5�	�)��
��������������������	����������

;	�������������� g�����������=;�$�'�>

"�
��������������	
������
�������������������	�������



�

;����������

������%�	������
�����
��
��
��#���������
$�������
� #
��
%�������
.�
������

,��
����
����#����$
�������.��(��������� ���

���	
����%������
��
�	�
��

�.�����	����$��.�����
�(��
�����
��
�������������	������
%��<

"��.
#�

%����
��� D��$�� 9��&�; gggg' : �E���$���
�����������
����#
%���

� ��
��!�"��F����������
�����F������%�������<

7������

$����
�	�.�
F

	,.�������$ 
���F����	����F� �����
���
%�
���������������.�����������(������������


