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tionThe question how the giant resonan
e strength evolves when going fromstable nu
lei to exoti
, weakly bound nu
lei is nowadays frequently dis-
ussed [1�6℄. For the neutron-ri
h nu
lei, 
al
ulations of di�erent type pre-di
t dramati
 e�e
ts, in parti
ular a strong fragmentation and redistribu-tion of the strength towards lower ex
itation energies, well below the giantresonan
e region. But also new 
olle
tive modes are dis
ussed, e.g., a 
o-herent motion of the valen
e neutrons against a 
ore. This is often 
alledsoft dipole mode or pygmy resonan
es. In the pi
ture of a 
olle
tive dipolevibration of the valen
e neutrons against a 
ore, the o

urring low-lyingstrength 
an be 
ompared to the 
luster sum rule [12℄ whi
h is related tothe Thomas�Rei
he�Kuhn(TRK) sum rule and depends on the number ofvalen
e neutrons. S
luster = Z
A
 � NvN � STRK :Here STRK stands for the TRK dipole sum rule limit, and the indi
es 
 andv refer to the 
ore and valen
e neutrons, respe
tively.In a �rst attempt to study giant resonan
es in exoti
 nu
lei, we inves-tigated the dipole strength in neutron-ri
h oxygen isotopes 17O to 22O. Asexperimental tool, we use the ele
tromagneti
 ex
itation of fast proje
tilesby large Z targets. Besides the high 
ross se
tions, one advantage of thismethod is the dire
t relationship between the di�erential ele
tromagneti
disso
iation 
ross se
tion and the E1 strength, whi
h 
an be obtained with-out free parameters by applying semi 
lassi
al 
al
ulations.2. Experimental setupThe se
ondary neutron-ri
h ion beams were produ
ed in a fragmentationrea
tion of an 40Ar primary beam, delivered by the heavy�ion syn
hrotronSIS at GSI, Darmstadt, impinging on a beryllium target. The fragmentswere separated using the Fragment Re
oil Separator (FRS) [9℄ and iden-ti�ed event-by-event by measuring the energy loss and the time-of-�ight.The traje
tory of the in
oming ions was measured by a multi-wire propor-tional 
hamber and a position sensitive Si-PIN-diode. Behind the target,the fragments were de�e
ted by a large-gap dipole magnet. By measuringenergy-loss and time-of-�ight again as well as by position measurements infront of and behind the magnet the nu
lear 
harge, velo
ity, mass and s
at-tering angle of the fragments 
an be determined. The neutrons, whi
h 
omefrom the ex
ited proje
tile or ex
ited proje
tile-like fragment are stronglyforward fo
used due to the relativisti
 velo
ities and are dete
ted with highe�
ien
y in the LAND neutron dete
tor [10℄, pla
ed at zero degree about 11m downstream from the target and 
overing an angular range of �90 mrad.



Ele
tromagneti
 Ex
itation of Neutron-Ri
h Oxygen Nu
lei 17�22O 1097To dete
t 
-rays, the target was surrounded by the 4� Crystal Ball spe
-trometer, 
onsisting of 160 NaI dete
tors.By measuring the four-momenta of fragment and neutron(s) as well asthe emitted 
-energy the ex
itation energy of the proje
tile 
an be re
on-stru
ted via the invariant mass.3. ResultsThe di�erential 
ross se
tion for the ele
tromagneti
 ex
itation to the
ontinuum with following neutron de
ay were measured for the whole iso-topi
 
hain 17O to 22O. In 
ase of the stable 18O photoabsorption data areavailable, whi
h we 
ompare to our results of the ele
tromagneti
 disso
ia-tion.The ele
tromagneti
 ex
itation 
ross se
tion whi
h has been 
al
ulatedfrom the photoabsorption data of Refs. [7, 8℄ has been 
onvoluted with ourexperimental dete
tor response and shows a good agreement with our data.In Fig. 1, the integrated low-lying strength for the whole isotopi
 
hain isshown. In the upper frame the integrated strength below 15 MeV in units ofthe TRK sum rule is seen, while in the lower one, the same is shown in units
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16 17 18 19 20 21 22 23 24Fig. 1. Evolution of integrated (up to 15 MeV ex
itation energy) strength in unitsof the TRK sum rule (upper panel) and the 
luster sum rule limit (lower panel)for the whole oxygen 
hain. The data (bla
k boxes) are 
ompared to shell model
al
ulations by Sagawa and Suzuki [4℄ (asterisks). For the stable isotopes 17O and18O, data from photoabsorption measurements [7,8,11℄ are shown for 
omparison.
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luster sum rule assuming a 16O 
ore. For the stable isotopes 17O and18O, also data from photoabsorption measurements [7, 8, 11℄ are shown for
omparison.The agreement with our data is very good. The larger value that weobtain for 17O is 
onsistent with the higher experimental threshold in [11℄.The amount of low-lying strength in units of the TRK sum rule in
reasesup to A=20 and then de
reases again. This is qualitatively reprodu
ed bythe shell model 
al
ulation [4℄ (shown as asterisks 
onne
ted by dashed-dotted lines).In 
ase of a fully 
olle
tive motion of the valen
e neutrons against a 
ore,this quantity should in
rease 
ontinuously with in
reasing mass number.The 
luster sum rule is approa
hed only for the stable isotopes 17O and18O. For the heavier isotopes, this limit is not rea
hed, indi
ating that onlya fra
tion of the valen
e neutrons parti
ipate in the dipole motion.This work was supported by the German Federal Minister for Edu
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