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RESUME 

REPONSE ISOSCALAIRE DE SPIN DANS LE 4 0 C a ET 1 2 C 

E. Tomasi-Gustafsson et al. 

Une méthode fondée sur la mesure d'une observable sf qui est une probabilité de spin-

flip approximée, dans la diffusion inélastique (d,d') à 400 MeV d'énergie incidente a été 

appliquée avec succès à la recherche de force isoscalaire de spin d a n s l e 4 0 C a e t l e 1 2 C . Dans le 
4"Ca les excitations de spin ont été mises en évidence vers 9 MeV d'énergie d'excitation et dans le 

continuum une concentration de force apparaît autour de 15 MeV. Dans le ^ C d e s structures de 

spin apparaissent jusqu'à 30 MeV d'énergie d'excitation, au-delà de 35 MeV la réponse 

isoscalaire de spin, comme dans le cas du 4"Ca, est compatible avec la valeur attendue pour un 

gas de Fermi de particules sans interaction. Des calculs microscopiques DWIA sont en très bon 

accord avec les données de ^ C . 



2 Signature for spin-flip transitions 

In (p,j?) scattering at intermediate energies [10] the spin-flip probability Snn turned out to be a good 
signature to select spin excited states. Its measured value is close to zero for a AS=0 transition and 
can reach 0.6 for a AS=1 state such as the J T - 1 + 15.1 MeV state in 1 2 C . A similar signature in 
deuteron scattering has been deduced and its validity tested on the first excited levels of 1 2 C [11]. 
Following the Madison convention [12] and the formalism of Ohlsen [13], we recall the definition 
of the observables for a vector- and tensor-polarized deuteron beam along the y-axis normal to the 
scattering plane. Ay and A y y are the vector and tensor analyzing powers of the reaction, P y and 
P y y are the vector and tensor polarizing powers of the reaction, and K^ and K ^ the vector and 
tensor spin-transfer coefficients (the lower indices refer to the incident-beam frame; the upper to that 
of the scattered beam). 

For a deuteron beam, three spin-flip probabilities So, Si, and S2 may be defined; they are 
the probabilities for a change of 0, 1, or 2 units of the spin projection along the y-axis. The Si 
probability is similar to Snn in (p,p') scattering. 

So = g ( 2 + 3K[f + K$'') (1) 

Si = ^ ( 4 - A ! f l , - P » ' » ' _ 2 K $ ' ' ) (2) 

S 2 = ^ ( 4 + 2A y s -9K] ; ' + 2 P » v + K]S'') (3) 

To obtain Si one needs to measure the tensor polarization of the scattered deuteron. It has 
been shown [13] that in the plane wave approximation, Si=0 for AS=0 transitions. As a matter 
of fact Si ~0 for AS=0 transitions, even in the presence of distortion, at small momentum transfer 
(q < 1 / m - 1 ) . For AS = 1 transitions Si is expected to be positive. If we make the approximations 
A y y = ?y'y' and S2 = 0 the spin-flip probability becomes: 

S l " s* = \ + lA™ ~ 2Ky ( 4 ) 

The measurement of Sy

d requires a vector and tensor polarized beam and a vector polarimeter. The 
only polarization measurement in the focal plane of the spectrometer required to determine Ŝ j is the 
vector-depolarization coefficient K*J . Only a tensor quantity is required for Sy

d, the tensor analyzing 
power A y y , which is given by combination of counting rates for different polarized beam states. The 
experimental verification of the reliability of the approximations quoted above has been done with 
the tensor polarimeter POLDER [19]. 

Recently it has been shown [14] that the probability £1 for AS = 1 spin transfer 
(in magnitude and not in projection) to the deuteron can be approximated by: 

Si = 2 + 2/ly, - 3K»' 
However, due to the spin-orbit distortion effect, this observable doesn't always vanish for AS=0 
transfer to the target. This is not the case for S% [15] defined above. 

The spin-flip probability has also be obtained in the (d,d'7) reactions, when the 7-decay 
branching ratio to the ground state is known [16]. This method can not be applied to analysis of the 
continuum. 
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2.1 The method 

Let 0-QJ, and cr̂ g be the isoscalar cross sections for a spin transfer of 0 and 1 to the nucleus. Following 
the method given in Ref. [3] for {p,j?) scattering, we can define an aA coefficient by 

s!i = (<4«y,)/(4 + 4)- (5) 
For a pure AS = 1 transition (a^ = 0), aA—Sy

d. By making the same, approximations as in (p,^) [3], 
we can replace aA by oJTte calculated in the free deuteron-nucleon (d-N) scattering and factorize the 
cross sections as: 

c;4o = AW.o4" (6) 

Here Nefj is the effective number of participating nucléons (supposed to be the same in both channels), 
/,o the isoscalar nuclear response in the spin channel i, and <r£' the <f-N scattering cross section 
calculated for the q value of the deuteron nucleus inelastic scattering. Then 

S2 = (/io < T " / r ") / ( / io off + /oo < T ) (7) 

The relative isoscalar spin response is defined as 

** = -TTT ( 8 ) 

/10 T /OO 

in analogy with the corresponding isospin-averaged quantity Rs measured in proton scattering. 

From the above relations, the AS=1 cross-section is given by: 

•à^&s ( 9 > 
where j ^ = <7QÔ + <rf0 is the experimental cross section. 

The microscopic description of deuteron-nucleus scattering in the plane-wave approximation 
which was given in Ref. [17] has been extended to include distortion effects [15]. 

3 Isoscalar Spin response in the continuum 

Recently the AS=1 strength has been systematically investigated in the continuum of several nuclei 
by measuring the spin-flip probability Snn in {p,f) inelastic scattering [3, 4, 21]. Such measure
ments can allow [22] a separation of the spectrum into AS = 1 and AS=0 components. It has been 
found [3,4, 5] that, at an excitation energy beyond 30 MeV, the background contains up to about 80 % 
AS=1 strength. This very high relative spin response has already been decomposed into multipolar-
ities; the AS=1 strength being shifted to higher excitation energies than the AS=0 strength [6, 7, 8]. 
The overall spin response at high momentum transfer has also been separated into spin-longitudinal 
and spin-transverse components [23]. Theoretical calculations [24] predict an enhancement of the 
spin-longitudinal component relative to the spin-transverse part of the isovector spin response. This 
enhancement was not observed in (p,p') experiments. A correct treatment of the absorption reduces 
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the predicted large ratio [25] but not enough to reconcile theory and experiment. Since other calcu
lations lead to an inverse effect in the isoscalar spin response [26], a contribution of AS=1, AT=0 
might give the explanation of such discrepancy. 

Using the 5 j signature, we have looked for isoscalar spin strength in several nuclei as 4 0 Ca 
and 1 2 C where the overall spin response is already available [3, 4]. 

3.1 The 1 2 C Results 

The experiments were performed with a 400 MeV polarized deuteron beam covering the angular range 
3° < Oiab < 7°. The data were taken with the high resolution energy-loss spectrometer SPESl and 
the vector polarimeter POMME. A detailed description of the experimental set-up and procedures 
is given in [17]. 

The preliminary results on 1 2 C obtained at 4° are plotted in Fig. 1 as a function of the 
excitation energy. The spectrum of measured cross sections as a function of excitation energy at 
4° is given in Fig.la. The AS=0 and AS=l cross sections have been separated and are plotted in 
Figs.ld and le. The signatures for the AS=0 states at 4.44, 7.65, and 9.64 MeV are compatible with 
zero, while the AS=1, 1 + state at 12.71 MeV and the 2~ state at 18.3 MeV show high values of the 
signature (Fig. lb) and a response higher than 80% (Fig. lc). 

The Sj signature shows a concentration of spin strength in the 20 and 30 MeV regions. The 
20 MeV spin structure is about 3 MeV large and surrounds the 18.3 level and a 20.5 MeV level. For 
the 4.44 and the 12.7 MeV levels, the angular distributions of the cross section, the vector and tensor 
analyzing power and the S^ signature are compared to our recent microscopic DWIA calculations 
(Fig.2 and Fig. 3). The dashed (full) curve represents the plane (distorted) wave calculation using 
the Cohen and Kurath wave functions [18]. The signatures are compatible to zero all over the angular 
range for the AS=0 4.44 MeV level and they differ significantly from zero for the AS=l 12.7 MeV 
state. The distorted wave calculations subtantially improve the agreement with the measured cross 
sections and are essential to reproduce the analyzing powers. The signatures on the other hand are 
not very sensitive to distortion effects in the present angular range. 

The T=0 spin state at 20.5 MeV has a forward peaked angular distribution similar to that 
of the 12.7 MeV state, suggesting a 1 + nature. The angular distributions of the cross-sections for 
the broad structures at 20, 28 and 32 MeV have an angular distibution close to that of the 18.3 MeV 
level and therefore compatible with a L=l nature. These structures lead to a relative isoscalar spin 
response higher than in the 4 0 Ca up to ~35 MeV. Beyond this excitation energy and up to 60 MeV 
the isoscalar spin response, at 4°, is weaker than in 4 0 Ca for the same domain of excitation energy 
and slowly increases at 6°. 

The ratio /10//00 obtained from the R°s values is shown in Fig. 4a; the values fn/foo and 
/10//11 deduced using the (p,j?) data obtained at 318 MeV on t 2 C [8] are shown in Fig. 4b and 
Fig. 4c, respectively. As in 4 0 Ca the isovector spin strength dominates beyond 25 MeV. Around 
20 MeV excitation energy a cluster of isovector spin strength appears in the ratiofu/foo which 
corresponds to the L=l AS=1 strength concentration reported in Ref. [8] where the isovector spin 
strength dominates the spin-flip cross-section. 

3.2 The 4 0 C a results 

We will just recall here some of the results which have recently been published [17]. 
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The strongest signature is seen in the 9 MeV region at 4° where it reaches about 0.13 
(corresponding to iZ° ~0.75). Values elsewhere range between about 0.05 and 0.10 at both angles. 
Except at the lowest energies, these values are much lower than the values of S n n measured in (p,p ') 
at 319 MeV, but they are c -nparable with the free values of S^ and they suggest the presence of a 
broad distribution of AS = 1, AT=0 strength over this region. Evidence for localized isoscalar spin 
transitions at 8.4 and 9.2 MeV has been obtained, and a large resonance around 15 MeV in 4 0 C a 
contains up to 60% isoscalar spin strength (Fig. 5). The angular distribution of these isoscalar 
spin-flip excitations is compatible with a possible spin dipole nature. 

The energy position of the observed excitations is in agreement with theoretical RPA pre
dictions [28] for the 2~ T = 0 strength. In these calculations, the used Skyrme force SGII corresponds 
to a Landau parameter gQ ~0.25 at half density [29], 

The comparison between these data and previous (p,j7) data gives informations on the 
isoscalar and isovector spin strengths. Up to about 20 MeV the AS=1 AT=0 strength is dominant 
in the total spin response, but beyond this excitation energy the isovector spin strength dominates. 
Beyond 30 MeV where the (p,jf) data has shown that the continuum contains more than 80% AS=1 
strength, the isoscalar spin strength is less than 25% of the total spin strength. These results suggest 
a mild repulsion in the S= l T=0 channel, much weaker than in the S = l T = l channel, and compatible 
with recent theoretical predictions [30]. 

The ratio fio/foo is essentially equal to one at high excitations energies as expected for 
a non-interacting isoscalar Fermi gas. This shows that the collective effects in the continuum are 
much weaker in the isoscalar channel than in the isovector one. The isovector spin channel is then 
responsible for the enhancement of the total spin response observed in (p,p) at high excitation 
energy. 

4 Conclusions 

The isoscalar spin-flip signature Sv

d has been tested on known states in 1 2 C , and turned out to 
be a robust signature that is not very sensitive to distortion effects at small momentum transfer 
(q<l . f m - 1 ) . This has allowed us to carry out the first exploration of isoscalar spin-strength in the 
continuum of several nuclei 4 0 C a , 1 2 C , and very recently ^ Z r and 2 0 8 P b . This study has yielded 
many interesting features. The 1 2 C rich structures appear up to 30 MeV excitation energy. Besides 
the isoscalar 1 + state at 12.7 MeV and the 2" state at 18.3 MeV which contain more than 80% spin 
component, an excitation at 20.5 MeV over a broad bump centered at 20 MeV and a large structure 
around 30 MeV have been observed. This concentration of L = l isoscalar spin strength is very close to 
a similar concentration of isovector L=l spin strength. Beyond 25 MeV of excitation energy in 4 0 C a , 
the isoscalar spin response fluctuates around its Fermi gas value of 0.5, indicating a weak collectivity 
in this channel. Larger than in 4 0 C a up to 35 MeV of excitation energy, the isoscalar spin response 
in 1 2 C becomes weaker beyond this energy. 

In 4 0 C a isoscalar spin transitions have been localized in the 9 MeV region and a large 
resonance around 15 MeV has been seen. The comparison with the (p,f) results suggests a mild 
repulsion in the S = l , T = 0 channel much weaker than in the S = l , T = l channel, compatible with 
recent theoretical predictions. 

Due to the success of the method, a project is underway to study the nucléon resonances 
by mean of 1 H{d,d,)xH reactions. In particular at the maximum energy available in Saturne 



(Trf = 2.3 GeV) one can look for the spin contents of the Roper resonance Pn(1440). A coinci
dence measurement will be necessary to disentangle the contribution of the projectile excitation. A 
modification of the polarimeter POMME, to extend his domain to higher excitation energies is under 
study. 
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Fig. 1 Results obtained in the inelastic scattering of (d,d') on »C . As a function of excitation energy the 
missing mass spectrum (Fig. la) recompacted on the bins corresponding to the signature (Fig lb) the 
nuclear spin response (Fig. k ) . The AS=0 (AS=1) component of the cross section is shown in Fig Id 
(Fig. le). 
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Fig.5 Some results obtained in the inelastic scattering of (<?,<?) on wCa at 400 MeV incident energy. On the 
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and the AS=1 components of the cross section at 0|„j = 4° as a function of the excitation energy. 


