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ABSTRACT 

 

The J π=1 - ,T=0 〉  state in 12C, at Ex=10.84 MeV, has been investigated by inelastic electron 
scattering measurements at low values of momentum transfer (q<0.6 fm-1). This state is electroexcited by 
an isospin forbidden (E1, ∆T=0) transition from the ground-state. At low-q values, the (E1, ∆T=0) 
transition occurs through isospin mixing, which has been investigated by exploring the longitudinal form 
factor sensitivity to small T=1 admixtures. Quantitative information on isospin mixing has been obtained 
by determining the Coulomb matrix element (<HC>). In present work, data analysis has been performed 
including the complete form factor data set measured at the SENDAI Laboratory [1]. As result, the 
momentum transfer range has been extended up to q ≅1.8 fm-1. This procedure considerably improved the 
consistency of both data analysis and derived results, relative to the previously published work [2]. 
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I. INTRODUCTION 

It is well known [1,3-8], that E1 isoscalar transitions 
between T=0 states are forbidden, to first order, by the 
isospin selection rule in self-conjugate nuclei (N=Z). 
Nevertheless, E1, ∆T=0 transitions can occur under 
conditions for which the isospin selection rule is no longer 
expected to hold: (i) through deviations of the long-
wavelength limit, or, (ii) in the presence of isospin mixing. 
Despite of being hindered in comparison to the isospin 
allowed ones, these transitions are fairly fast in some self-
conjugate nuclei (16O [4], 40Ca [5], 32S and 36Ar [in ref.5]), 
with transition strengths comparable to those observed for 
the allowed ones. 

For inelastic electron scattering at low-q values, the 
E1, ∆T=0 transitions proceed through an isospin mixing 
mechanism, since condition (i) is fulfilled. In this case, 
isospin mixing is evidenced by an isovector (T=1) 
contribution to the form factor. It has been shown for 16O 
[4] and 40Ca [5] that the T=1 term interferes destructively 
with the dominant isoescalar (T=0) one, resulting in a 
minimum of the form factor. Therefore, the form factor 
sensitivity to a T=1 component allows the investigation of 
isospin admixtures through (e,e’) measurements at low-q 
values. 

In the present work, the broad state (Jπ=1-;T=0) in 
12C, at Ex=10.84 MeV, has been investigated by inelastic 
electron scattering measurements at low-q (q<0.6 fm-1). 
Through a proper data analysis, which takes into account 
the isospin mixing, the reduced transition probability, 



B(E1), as well as related quantities - Γγo (ground-state 
radiative width) and τ (mean lifetime) - have been extracted. 
Furthermore, isospin mixing has been investigated and the 
isospin symmetry breaking potential, given by the Coulomb 
matrix element <HC>, has been derived from experimental 
data. To best of our knowledge, for the first time such 
results have been determined for the J π=1 - ,T=0 〉  state of 
12C. 

In section (2) of this paper, a brief description of the 
experimental procedure and data reduction is given. In 
section (3), the data analysis procedure is discussed and 
extracted results are presented. Finally, in section (4), a 
summary and the conclusions of present work are presented. 

II. EXPERIMENT AND DATA REDUCTION 

The present measurements have been performed at 
the superconducting continuous wave electron accelerator 
S-DALINAC, from the Institut für Kernphysik, TU- 
Darmstadt, Germany. Inelastically scattered electrons have 
been detected with the large solid angle QCLAM 
spectrometer. Both are described in detail in [9] and [10], 
respectively. The data acquisition and analysis system 
GOOSY [11], running on a µVax3600 with a Starbus 
CAMAC interface, has been used.  

Data have been taken at an incident electron energy 
Ei=60 MeV and scattering angles θ = 117o, 135o and 154o. 
Under these conditions the corresponding momentum 
transfers are [12],: q= 0.47, 0.50 and 0.54 fm-1, respectively. 
For θ = 117o, transmission geometry (target normal 
bisecting the scattering angle) has been used. At the other 
two angles, the target has been positioned under reflexion 
geometry (target bisecting the scattering angle). At the most 
backward angle, θ =154o, for which line broadening effects 
are more intense, an energy resolution (FWHM of the elastic 
line) ∆E≅ 120 keV has been achieved. Measurements have 
been performed with a thin natural carbon (ρx=40 mg/cm2) 
target. 

The excitation energy spectra have been fitted with 
program FIT [13], using the least-squares method. 
Asymmetric gaussian shapes, with a hyperbolic 
parametrization at the higher excitation energy side of the 
peak, to empirically account for the radiative tail, have been 
chosen to describe the lines. In addition, a (first-order) 
polinomial fit to the background has been simultaneously 
performed. Figure 1, shows the excitation energy spectrum 
for scattering angle θ=154o. The dashed lines shown in the 
figure represent the fitted curves, as described above.  

To extract the cross section the area under the fitted 
lines have been corrected for radiative effects (Schwinger, 
bremsstrahlung and ionization). Inelastic cross sections 
have been determined relative to the elastic ones [12] and 
normalized to the calculated value. 
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Figure 1. Excitation energy spectrum measured at θ=154o. 
Dashed lines represent the least-squares fitting. 

The elastic cross section has been calculated in 
DWBA (distorted wave Born approximation) with the code 
PHASHI [13], which performs a phase-shift analysis. The 
two-parameter Fermi distribution (2pF) has been used in 
this calculation. Relevant parameters describing the charge 
distribution have been taken from [14]. 

III. DATA ANALYSIS AND RESULTS 

In order to determine the longitudinal form factor, 
the transverse contribution to the experimental form factor 
has been subtracted according to Siegert’s theorem, which 
relates the longitudinal and the transverse form factors by: 
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To extrapolate the longitudinal form factor, FCλ
L(q), 

to the photon point, k = E cx h , an analytical expression 

derived within the framework of the harmonic oscillator 
shell model [16,17] has been fitted to the data. As shown in 
(2), the parametrization of this expression included the 
contribution of a T=1 component, to account for the isospin 
mixing. 
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The least-squares fitted coefficients, treating all 
parameters in (2) as fitting variables, are: Ao= (-0.0022 ± 
0.0020); A1= (0.014 ± 0.002); A2=(-0.0076 ± 0.0012) 10-1; 
and finally, for the oscillator parameter, b = (1.76 ± 0.13) 
fm. The present fit resulted in a chi2/ν ≅ 0.73, where ν=15 
degrees of freedom, representing a confidence level 
CL≅76%. The experimental results are shown in Figure 2. 
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Figure 2. Longitudinal form factor, FL(q), as a function of 
the effective momentum transfer, qeff. Results from present 
work are represented by (•) S-DALINAC. Solid line 
represents the form factor fitted by expression (2). 
Extrapolation to the photon point is indicated in the figure. 

By extrapolating the fitted form factor to the photon 
point, the reduced transition probability has been 
determined to be: B(E1) = (3.7 ± 2.0) 10-4 e2fm2. From this 
result, the radiative ground-state width and the mean 
lifetime have been obtained: Γγo = (0.16 ± 0.08) eV and τ = 
(3.98 ± 2.10) 10-15 s, respectively. 

To calculate the Coulomb matrix element a simple 
two-state mixing model [18-21], has been used. By 
assuming that the mixing occurs with the closest T=1 level, 
at EX = 17.23 MeV, wave functions for the T=0 and T=1 
levels, including the mixing amplitudes α and β, can be 
written as:  

1- ; .10 84 0 1MeV T T= = + =α β           (3) 

and, 

1- ; 17.23 1 0MeV T T= = − =α β          (4) 

At this point, examining expression (2), an 
approximation can be made: for low-q values, the last term 
in ‘q5b5‘ brings a small contribution and will be neglected. 
Thus, the isoescalar part of the form factor is accounted for 

by ‘A1q
3b3 ‘. Now, the form factors for both states can be 

written as: 
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In expressions (5) and (6), α2 + β2 = 1. Using (5) and 
(6), plus the relation: 
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the Coulomb matrix element has been determined to be: 
<HC>= (750± 325) keV. Such a magnitude for <HC> is too 
high in comparison to the well known systematics for the 
M1 isospin doublet in 12C. 

Therefore, the occurrence of isospin mixing with the 
largest E1GR fragment, at Ex=22.6 MeV has also been 
investigated. Using the same procedure as above resulted in: 
<HC>= (350± 125) keV, in good agreement with the 
observed systematics. 

IV. SUMMARY AND CONCLUSIONS 

The broad state J π=1 - ,T=0 〉  in 12C, at Ex=10.84 
MeV, has been investigated by inelastic electron scattering 
measurements at low-q values (q<0.6 fm-1). Through a 
proper data analysis, which takes into account the isospin 
mixing, the reduced transition probability, B(E1), as well as 
related quantities - Γγo (ground-state radiative width) and τ 
(mean lifetime) - have been determined for the first time. 
Furthermore, isospin mixing has been investigated and the 
isospin symmetry breaking potential, given by the Coulomb 
matrix element <HC>, has been derived from experimental 
data. 

The experimental data analysis resulted in a T=1 
contribution to the longitudinal form factor, which interferes 
destructively with the predominant T=0 part, accounting for 
the minimum at low-q values. It should be pointed out, that 
the good agreement between the fitted oscillator parameter 
and values quoted in literature [15,22], demonstrates the 
consistency of experimental data, as well as of the analysis 
procedure developed in this work. 

Regarding the isospin mixing investigation, the 
results obtained for the Coulomb matrix element indicate an 
admixture with the E1 Giant Resonance levels. 
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