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EXPLORING THE COLLECTIVE SPIN�ISOSPINLONGITUDINAL RESPONSE OF NUCLEI WITHCOHERENT PION PRODUCTION IN (3He, t�+) �J.L. Boyard, L. Farhi, T. Hennino, J.C. Jourdain, R. KunneP. Radvanyi, B. Ramstein, M. Roy-StéphanInstitut de Physique Nu
léaire, Orsay, Fran
eR. Dahl, M. Drews, C. Ellegaard, C. Gaarde, J. JensenJ. Larsen, M. SkousenNiels Bohr Institute, Copenhagen, DenmarkM.A. KagarlisLaboratoire National Saturne, Sa
lay, Fran
e and GSI, Darmstadt, GermanyW. Augustyniak and P. ZupranskiSoltan Institute for Nu
lear Studies, Warsaw, Poland(Re
eived July 7, 2000)The SATURNE 
harge-ex
hange program explored the spin-isospin re-sponse of nu
lei in the � region [1℄. New results on 
oherent pion pro-du
tion are presented. They give a pre
ise measure of the spin longitudi-nal 
omponent of this response. This 
omponent is parti
ularly interestingsin
e theoreti
al models predi
t that attra
tive residual �-hole 
orrelationsin the longitudinal 
hannel (pion ex
hange) softens the response.PACS numbers: 13.60.Le(3He,t�+) was studied at 2 GeV on 12C, 40Ca and 208Pb, using theSPES4pi 
oin
iden
e set up [2, 3℄. The missing mass resolution was goodenough to separate the 
ontribution of the �rst ex
ited state of 12C at4.4 MeV from the ground state 
ontribution whi
h 
orresponds to 
oherent� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2139)
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tion. Fig. 1 shows results on 12C. The ex
itation energy resolutionis 5.1 MeV. The 
ontinuous 
urve represents a �t by two Gaussian 
urves
entered on the ground state and on the �rst ex
ited state at 4.4 MeV, plusa 
onstant ba
kground. The ba
kground 
ontribution in the hat
hed area(�3�) is 14% of the peak. The angular 
orrelations and energy transferspe
tra were obtained by applying a narrower gate whi
h further redu
edthis 
ontamination to 7%.12C(3He,t�+) �ht =10
44 Identi�
ation of the 
oherent pionsThe ex
itation energy spe
trum for the 12C target runs is shown in �gure 5.1 a) bythe solid histogram. The empty target runs are shown by the dashed histogram.The peak around the g.s. of 12C dominates the spe
trum. The number of pions
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Excitation energy (MeV)Figure 5.1: Figure a): The solid histogram shows the ex
itation energy spe
trumof the runs with the 12C target. The empty runs are shown by the dashed his-togram. The two spe
tra are normalized using the Berger monitor. Figure b):The histogram shows the ex
itation energy spe
trum of the re
oiling 12C nu
leus.The 
ontributions from the empty runs have been subtra
ted. The solid line is a�t in
luding two Gaussians and a linear ba
kground. The mean value of the �rst(se
ond) Gaussian is 0 MeV (4:4 MeV). The ba
kground is found to 
ontributewith 14% of the g.s. strength from �6 to 6 MeV. The Gaussian at 4:4 MeV
ontributes with (9� 5)% of that of the one at 0 MeV.in the peak (�6 MeV) was 2400 for the full target and 130 for the empty target.As noted in Chapter 4 the energy loss of the beam and eje
tile leads to an in
reaseof the measured energy transfer relative to the energy transfer of the rea
tion.This resulted in a 3 MeV upward shift of the ex
itation energy spe
trum, forwhi
h the runs with the 12C target in the beam were 
orre
ted. As noted inChapter 2, however, approximately one third of the beam does not hit the tar-get, but passes next to it. So of the events originating from the air, one third
ame from events where the 3He beam did not loose energy in the target. Hen
ethose events were moved arti�
ially 3 MeV down in ex
itation energy. To 
om-pensate for this the runs with an empty target were subtra
ted in two steps.The ex
itation energy spe
trum for the empty runs shifted 3 MeV downwardswas subtra
ted from the target runs with a weight of 0.33. With a weight of

Fig. 1.Obviously, in 12C one 
an isolate the 
oherent pion produ
tion. This isalso true for 40Ca (the resolution was 4.7 MeV). For 208Pb, due to targetthi
kness, the 6.8 MeV resolution was not su�
ient to separate the groundstate from the ex
ited states whi
h start at 2.61 MeV. But the 
oherent pionsdominate the ex
itation energy spe
trum. In this experiment, the 
oherentprodu
tion is absolutely dominant.The angular distribution of the 
oherent pions is strongly peaked in thedire
tion of the momentum transfer. This 
hara
teristi
 shape demonstratesthat the spin longitudinal 
omponent 
ontributes pra
ti
ally alone in thispro
ess. Fig. 2 shows examples of 
oherent pion angular 
orrelation for twosli
es in energy transfer !, 
hosen on ea
h side of the maximum of the !
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trum. It demonstrates that in 
harge ex
hange rea
tions, 
oherent pionprodu
tion sele
ts the spin longitudinal 
omponent of the intera
tion.As expe
ted from the e�e
t of kinemati
s on the target form fa
tor, thewidth de
reases when the energy transfer in
reases, or when the triton anglein
reases. And it de
reases with the target size, whi
h again, follows fromthe target form fa
tor. 40Ca(3He,t�+)40Cag:s: �ht =0.8056 Angular distribution of the 
oherent pions
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(deg.)Figure 5.10: Angular distribution of the 
oherent pions in the40Ca(3He;t�+)40Cag:s: rea
tion at �ht = (1 � 0:2)Æ. In the upper panel theangular distribution is shown for an energy transfer of ! = (210 � 35) MeV,and in the lower panel for ! = (290 � 35) MeV. The lines are Gaussian �tsto the data with widths of (24 � 2)Æ and (19 � 1)Æ (HWHM) respe
tively. TheGaussians had �xed mean values at �qp� = 0Æ.
Fig. 2.



2142 J.L. Boyard et al.Therefore, the energy transfer spe
trum displays the spin longitudinalresponse without distortions. Fig. 3 shows this energy transfer spe
trum for40Ca.Chapter 5 Ex
lusive results and dis
ussion 71
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Figure 5.23: Energy transfer spe
trum for the 40Ca(3He;t�+)40Cag:s: rea
tion at�ht = 0:8Æ. The data show a peak at approximately 240 MeV, hen
e the 
oherentpions are shifted approximately 30 MeV downward relative to the in
lusive peakposition, shown by the solid histogram. The statisti
al errors are shown by theerror bars. The in
lusive measurements is the weighted average of the spe
tra at�ht = 0Æ and �ht = 2Æ taken from [39℄. The in
lusive measurement is s
aled downby a fa
tor 10.normalization was found from the measurements of Bergqvist et al.The peak in energy transfer asso
iated with the 
oherent pions is shifted ap-proximately 30 MeV downward as 
ompared to the in
lusive measurement. The
oherent pions 
onstitute a little less than 10 % of the in
lusive 
ross se
tion atthe peak position.5.3.3 The 208Pb(3He;t�+)208Pbg:s: rea
tionThe 
oherent pion 
ross se
tion for the 208Pb(3He;t�+)208Pbg:s: rea
tion is pre-sented �gure 5.24. The statisti
s is rather low. The spe
trum is made from onesetting (#4) with a total of 1600 pions for the target runs. 250 pions from theempty target runs were subtra
ted. The a

eptan
e 
orre
tions made for the twoother targets were also applied for the data taken with the 208Pb target.The 
ross se
tion for the 
oherent pions on 208Pb 
onstitutes approximately 5%of the in
lusive 
ross se
tion at the peak position at ! = 230 MeV.

inclusive
Fig. 3.The 
oherent pion produ
tion represents an important fra
tion of thein
lusive 
ross se
tion (around 5% in 12C at 1Æ triton angle). The maximumof the 
oherent pion peak is shifted down in energy transfer relative to themaximum of the in
lusive 
ross se
tion, whi
h means a large shift relative tothe quasi-free � produ
tion (around 90 MeV). Theoreti
al predi
tions [4�6℄exist. REFERENCES[1℄ T. Hennino et al., Phys. Lett. B303, 236 (1993).[2℄ L. Farhi, Thèse, Université Paris VII, 1997.[3℄ R. Dahl, Ph.D. Thesis, N.B.I. University of Copenhagen, 1999.[4℄ P. Fernandez de Cordoba, J. Nieves, E. Oset, M.J. Vi
ente-Va
as, Phys. Lett.B319, 416 (1993).[5℄ B. Körfgen, F. Osterfeld, T. Udagawa, Phys. Rev. C50, 1637 (1994).[6℄ M.A. Kagarlis, V.F. Dmitriev, Phys. Lett. B408, 12 (1997).


