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Abstract 

Elastic and inelastic scattering data from the scattering of 160 MeV protons 

from 14N, and of 200 MeV protons from 1 60 have been analysed using a fully 

microscopic Distorted Wave Approximation. The analyses involve large space 

(multi-ftw) shell model wave functions, an effective nucleon-nucleon interac

tion that is energy and medium dependent, and fully microscopic (nonlocal) 

optical potentials built with that same effective interaction. The results for 

14N and 1 60 correlate with analyses of elastic and inelastic electron scatter

ing form factors indicating that improvements are needed in the shell model 

interactions used to obtain the nuclear wave functions. 
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I. INTRODUCTION 

Recently [1], analyses of elastic and inelastic intermediate energy proton scattering data 

from 12C were presented in which no core polarisation corrections or renormalisations were 

required to reproduce the magnitudes and shapes of both the differential cross sections and 

analysing powers. This was achieved by using a density dependent (DD) nucleon-nucleon 

(NN) effective interaction, not only to specify the interaction between the probe and each 

and every nucleon in the target, but also, when folded with the state shell occupancies, 

gives the complex, nonlocal optical potentials that were used with (microscopic) shell model 

descriptions of the nuclear states in Distorted Wave Approximation (DWA) calculations. 

The results of these calculations were correlated with those of elastic and inelastic electron 

scattering form factors as both studies use the same one body density matrix elements 

(OBDME) obtained from multi-fta> shell model wave functions. Equally good fits were 

obtained for those form factors, as for the cross sections and analysing powers. 

So far only proton scattering data from 12C have been analysed using this (new) DD 

interaction given the extensive data sets of many incident energies of elastic and inelastic 

scattering of protons and to many positive and negative parity states in 12C, and the large 

set of elastic and inelastic electron scattering data exciting the same states. Also, the shell 

model that gave the OBDME to be used in those analyses predicted partners to every state 

in the experimental spectrum of 12C up to an excitation energy of 20 MeV [1] and to better 

than 2 MeV in excitation for most states. The extensive data sets gave a quite stringent 

test of the DD interaction for various higher incident proton energies to 800 MeV [1,2], 

and favourable comparisons were found at various energies with fully microscopic DWA 

calculations made using the Love-Franey (LF) interaction [3,4]. From these comparisons, 

density effects were shown to be very important for both the elastic and inelastic scattering 

processes, notably with the descriptions of the analysing powers. 

The present paper reports analyses of data of elastic and inelastic proton scattering 

exciting states in 14N and 1 6 0, at 160 and 200 MeV respectively. For 1 6 0 , the same DD 
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interaction used to analyse the 200 MeV proton scattering data on 12C is used again, while 

at 160 MeV the same prescription has been used to give a tabulation of the appropriate 

(DD) force. The DD force has now been defined, and values tabulated, for energies from 

122 to 800 MeV [5]. These effective interactions have been built from mappings to g matrix 

elements, solutions of the Brueckner-Bethe-Goldstone equations, and are designed for use 

in the DWA program, DWBA91, of Raynal [6]. The g matrix elements have been evaluated 

with the Paris interaction [7] as the starting potential. 

There are two reasons for undertaking this study. Assuming realistic wave functions 

describing the states involved in these scatterings, a further accurate evaluation of the DD 

interaction with other nuclei would result. Conversely, if the DD interaction is deemed 

appropriate, such analyses would test quite sensitively the wave functions obtained from the 

structure model, especially when they can be correlated with complementary analyses of 

electron scattering form factors. Both these points are addressed when analyses of both the 

differential cross sections and of the analysing powers are made, as the cross sections are 

sensitive both to the details of the nuclear structure and to the effective interaction, while 

analysing powers are especially sensitive to details of the effective interaction. 

II. CALCULATION DETAILS 

The shell model interaction used to obtain the states in 14N and 160 was that of Haxton 

and Johnson (HJ) [8]. This interaction consists of the Cohen and Kurath (8 — 16)2BME 

Op-shell interaction [9], the Brown and Wildenthal IsOd-shell interaction [10], the Millener-

Kurath interaction [11] for the cross-shell elements, and the bare Kuo g matrix for the 2hw 

interaction. It was constructed for a complete (0 + 2+4)^; shell model space by setting the 

two-body matrix elements involving all the other major shells, from the 0s to the 0hlf2p-

shells to zero. Thereby there is complete removal of spurious center-of-mass motion, and, 

by not permitting radial one particle-one hole (lp-lh) 2twj single particle excitations, the 

Haxtree-Fock condition is satisfied. The Hamiltonian then was diagonalised in a (0+2+4)7iw 

3 



space, for the positive parity states of 14N and 1 6 0, using the Dubach-Haxton version of the 

GLASGOW shell model code [12]. The negative parity states of 1 60 were obtained in a 

restricted (1 + 3 + 5)tvu} space, where the restriction was the exclusion of single particle 

transitions from the Op up to the 0ilg2d3s shell. This restriction did not create any serious 

problem with spuriosity (due to center of mass motion) in the wave functions of the states 

of interest listed in Table I. All center-of-mass energy eigenvalues for those (positive and 

negative parity) states in 1 60 were 19.19 MeV, indicating that such spuriosity was completely 

removed as well for the negative parity states in the calculated spectrum. In the case of UN, 

a complete (0+2)tkt) calculation was also performed using the MK3W interaction [1,13] and 

the OXBASH program [13]. As well, Ohuj shell model wave functions were calculated using 

the Cohen and Kurath (8 - 16)2BME interaction [9]. 

While the results of the (0 + 2 + 4)huj shell model calculation accurately reproduce the 

low-lying states of 14N and 1 60 (the HJ interaction was designed to do so for 1 60 [8]), a 

state is predicted in 14N at 0.99 MeV excitation for which there is no experimental evidence 

[14]. The wave function for this state is 

[0.99 MeV) = 25.10% |0fiw) + 64.77% \20UJ) + 10.13% \4hw) . 

Such a highly deformed state at this low excitation energy cannot be considered realistic, 

and may be due to the choice of the 2hu interaction and/or to the fact that the specific (shell 

model) interactions we have used in the extended model space calculation were optimised 

for use in calculations with much smaller bases. 

The isoscalar excitation of the 1J"; 0 (7.12 MeV) state in 1 6 0, from the ground is particu

larly interesting as it relates to the expectation value for the position of the center-of-mass, 

which must tend to zero [16]. The value of the constraint integral for such a transition (Eqs. 

(15) and (16) of Ref. [1]), using the OBDMB obtained from the (0 + 2 + A)hu shell model 

calculation, was 0.058 fm. 

We have used the nuclear structure results in analyses of elastic and inelastic electron 

scattering form factors and in analyses of proton elastic and inelastic scattering data (cross 
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sections and analysing powers). The analyses/of such complementary data, electron scatter

ing form factors and proton cross sections ejic, provide stringent tests of the spectroscopic 

model wave functions, but only when a fully microscopic theory of proton scattering from 

nuclei (in a DWA for inelastic scattering) is used. A fully microscopic prescription of elastic 

and inelastic proton scattering is implemented in coordinate space by the program DWBA91, 

and the theoretical development of that model is given in Ref. [l] (and references contained 

therein). Sufficient details are given again herein to specify those elements which are im

portant in the description of the nucleon-nucleus (NA) scattering process. Specifically, the 

attributes of the many fermion nuclear structure required in analyses are the shell occupan

cies for each state as well as the OBDME for each inelastic transition. The single-particle 

(bound state) wave functions are also needed as is a density profile of the nucleus to specify 

the DD interaction for each point in the nuclear medium. 

The nuclear wave functions were obtained from the shell model calculations described 

previously, from which the OBDME, 

^W = (^|[4xSn] /|J*)' W 

are a result. The OBDME are the weights for each allowed single particle transition matrix 

element in which the particle from orbital jx is excited to orbital J2, with an angular momen

tum transfer of J. Also, the nuclear wave functions provide the shell occupancies required 

to specify the microscopic optical potentials, involved in DWA calculations. For the elastic 

scattering process, the OBDME reduce to the shell occupancies. These shell occupancies 

and OBDME for the inelastic transitions considered herein have been tabulated [17]. 

Often in DWA calculations, the single particle bound state wave functions are specified 

as harmonic oscillator wave functions. It is more appropriate, though, to use Woods-Saxon 

bound state wave functions determined by analysis of the elastic electron scattering form 

factor [1]. The latter are eigenfunctions of the single particle Hamiltonian in which 

V-Hfl + MM^yiJ^Ar.fi. .), (2) 
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where, with R = r0A^3, 

f(r,R,a)= [l + exp(~~jyl . (3) 

The values appropriate for 12C are listed in Table II of Ref. [1]. Those we have used for 14N 

are identical, except for simplicity we have set A = 0. 

The density profile assumed for the DD interaction is the three-parameter Fermi distri

bution [1] 

pQ(l + wr*/c*) 
PV> l + e(r-c)/* ' W 

for which the parameter values appropriate for 12C, 14N and 160 are Usted in Table II. The 

kinematic correction required to convert the effective NN interaction to an effective NA 

interaction, as given by Eq. (19) of Ref. [3], is also listed therein. 

III. ANALYSES OF ELECTRON SCATTERING FORM FACTORS 

Herein we report on analyses of the elastic electron scattering form factors for 14N and 
160. The one-body charge operator of deForest and Walecka [18] was used in calculations 

of the electron scattering longitudinal form factors. The inelastic longitudinal electron scat

tering form factor for the 0+ —• 1J";0 (7.12 MeV) transition in 160 was also studied as 

complementary to the inelastic proton scattering data. The other transition of special in

terest is the magnetic dipole excitation of the 0+; 1 (2.313 MeV) state in 14N. That Ml 

electron scattering form factor has not been calculated, however, as specific meson exchange 

corrections axe needed in a proper analysis. 

The longitudinal elastic scattering form factor for 14N is displayed in Fig. 1, wherein 

the data of Dally et al. [19] are compared to the results of the calculations of the CO 

longitudinal form factor. There is excellent agreement with the data when using both 

the harmonic oscillator (solid curve) and Woods-Saxon (dashed curve) single particle wave 

functions, indicating that either of these sets are suitable for use in analyses of inelastic 

scattering data. The harmonic oscillator length used was 1.64 fm. 
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The elastic scattering form factor for 1 60 is displayed in Fig. 2, wherein the data of Sick 

and McCarthy [20] are compared to the results of the calculation made using the ground 

state shell occupancies from the (0 + 2 + A)hu) shell model calculation. Harmonic oscillator 

single particle wave functions were used in this calculation and the oscillator length was 

1.7 fm. The calculated result reproduces the data reasonably well, except for the third 

maximum (q > 3 fm -1). However, in this region of high momentum transfer, other effects 

not included in the analysis are expected to be influential, such as effects due to the single 

nucleon finite size form factor. Construction of an orthogonal set of bound state Woods-

Saxon wave functions is difficult given the size of the single particle basis spanned by the 

chosen shell model space. 

The longitudinal electron scattering form factor for the 0+ -»ljf; 0 (7.12 MeV) transition 

in 1 60 is displayed in Fig. 3. Herein, the data of Torizuka et al. [21] are compared to the 

result of the calculation we have made using the (1 + 3 + 5)frco shell model wave functions. 

The result underestimates the data by a factor of 2.6, and places the peak at 1.4 fm"1; a 

value larger than that indicated by the data. The disagreement could be due to the neglect 

of the lp-lh 3?lu and 5tiw matrix elements in the shell model interaction and which may be 

very necessary to describe this negative parity transition. 

IV. ANALYSES OF ELASTIC AND INELASTIC PROTON SCATTERING DATA 

The differential cross section and analysing power data for the elastic and inelastic scat

tering of 160 MeV protons from from 14N have been analysed, as have the data for the elastic 

and inelastic scattering of 200 MeV protons from 1 6 0. But we first report on an analysis 

of 160 MeV proton scattering from 12C as a control upon the effective (DD) interaction 

required in the other analyses. 

The data for the differential cross sections and analysing powers for elastic scattering of 

protons from 12C, for energies from 200 to 800 MeV have been analysed previously using 

the DD interaction [1,2], where the importance of density effects was demonstrated. The 
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inelastic scattering of protons in the same energy range was also studied [1,2] using the DWA 

with OBDME obtained from the (0 + 2)hu and (1 + 3)7iu> model spectroscopies [17], for the 

positive and negative parity states respectively. For those inelastic scattering transitions, 

density effects were again important, and the techniques developed allowed conjecture about 

the (hitherto ambiguous) spin-isospin assignments of several negative parity states [22]. In 

Fig. 4 the cross sections and analysing powers from the scattering of 160 MeV protons from 

12 C, both elastically and inelastically to the 2+;0 (4.44 MeV) state are displayed. Therein, 

the data of Meyer et al. [23] to 80° in the center of mass [24] are compared to the results 

of our fully microscopic model calculations that were made using the DD interaction (solid 

line) and the LF interaction (dashed line). The elastic and inelastic data are displayed in 

the left hand ('gs') and right hand ('2+') panels, respectively. The OBDMB were obtained 

from the (0 + 2)tiw shell model calculation described in Refs. [1,17], While both the DD and 

LF results for the elastic scattering cross section are in general agreement with the chosen 

data, the result using the DD force is the better one. The density effects are illustrated 

far more clearly in the results for the analysing power, where the DD result is a significant 

improvement over that obtained using the LF force. This is typically the case when density 

effects are introduced. The same effects are demonstrated in the results for the scattering to 

the 2+ ; 0 (4.44 MeV) state, where the data of Hugi et al. [25], again just to 80° in the center 

of mass [24], are compared to the results of our calculations. The result obtained using the 

DD force agrees with the data to 60°, while the LF result fails to reproduce the data beyond 

30°. Again, the differences, due to the inclusion of density effects, are more pronounced 

in the results for the analysing power, with the DD result being in far better agreement 

with the data. Thus we are confident that the DD interactions at 160 and 200 MeV are 

appropriate for use in analyses of scattering data from 14N and 1 6 0. 

In Fig. 5 we compare the results of our calculations of the elastic scattering of 160 MeV 

protons from 14N with the data of Taddeucci et al. [26]. Herein the ratio to the Rutherford 

cross section data are compared to the results of the calculations made using the DD force 

(solid line) and the LF force (dashed line). The results in the left-hand panel ('HO') used 
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harmonic oscillator wave functions, while those in the right-hand panel ('WS') used those of 

Woods-Saxon form. With either choice of single particle wave functions, the DD cross-section 

result better reproduces the shape of the data and the result found using the Woods-Saxon 

wave functions is slightly better so far as the magnitude is concerned, particularly at large 

scattering angles. As for 12C, the density effects are dramatically illustrated in the results for 

the analysing power. The calculation made using the LF force do not match the observed 

minimum in the data at 30°, but the DD result does so very well. All three models of 

structure give essentially the same results. 

The differences between the three models of structure (Okw, (0+2)ha>, and (0+2+4)?iu)) 

are realised clearly in the results for the cross section and analysing power for the inelastic 

scattering of 160 MeV protons to the 0+; 1 (2.313 MeV) state in 14N. The results of the three 

model calculations are compared to the data of Taddeucci et al. [26] in Fig. 6. Therein, the 

results of the (0 + 2+4)?kJ calculation are displayed by the solid line while those of the Ohw 

and (0 -f 2)hu calculations are displayed by the dashed and dot-dashed lines respectively. 

Best agreement with the cross section data, and particularly above the minimum at 20°, 

is achieved using the (0 + 2 + 4)hu spectroscopy. The effect of increasing the shell model 

space from Ohu to (0 + 2 + 4)hcv is to reduce the magnitude of the predicted cross section 

to be in better agreement with the data. The DD result obtained using the (0 + 2 + 4)Uw 

spectroscopy does best of all, giving,a better representation of the shape of the cross section 

at large angles when compared to the equivalent LF result. The results using the (0 + 2)hu) 

shell model OBDME are particularly poor. This cross section has a peak near 12°, which 

is not observed in the data, and the position of the minimum is moved then beyond 20°. 

The analysing power data suggest that there is a peak at 20°. Such is only reproduced by 

both (0 + 2 + 4)7ia; calculations, as well the Ohu calculation made using the DD force. This 

feature is more pronounced in the results using the DD force. The analysing power results 

for the other model spectroscopies are very small and unstructured. We surmise that the 

(0 -4- 2)tku shell model calculation obtained using the MK3W interaction [1,13] does not give 

realistic wave functions for 14N, indicating the need for inclusion of &hu> components in the 
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wave functions of 14N. 

The results of the elastic scattering (labelled 'gs') and of select inelastic scatterings of 

200 MeV protons from 1 60 are shown in Fig. 7. The excitations of the 0£; 0 (6.05 MeV) and 

2^;0 (6.91 MeV) states (labelled by 0+ and 2+ respectively) are shown specifically. Herein, 

the data of Seifert et al. [27] are compared to the results of the calculations made using the 

(0 + 2 + 4)7kd spectroscopy with the DD force (solid lines) and with the LF force (dashed 

lines). The elastic scattering cross-section data are well reproduced by both the DD and LF 

calculations, with slightly better agreement between the DD results and the data, reflecting 

the importance of medium effects. That is more clearly illustrated in the analysing power 

results. The result of the DD calculation shown therein reproduces all the features of the 

data and is in far better agreement with them than is the LF result. 

Both the DD and the LF calculations reproduce the shape of the inelastic scattering 

data to the 0£; 0 (6.05 MeV) state. However, both calculations underestimate the observed 

magnitude by a factor of 10. As the cross section is weak, any small changes in the OBDME 

for this weak transition may result in large changes to the calculated magnitudes. With the 

analysing power, however, the result of the calculation made using the DD force reproduces 

the shape and magnitude of the data, while the LF calculation does not match the data at 

small scattering angles. There is clearly a deficiency in the specification of the spectroscopy. 

Specifically, the HJ interaction, in setting to zero all the matrix elements involving the orbits 

outside of the OplsOd-shells, has lost strength in this transition coming from interactions 

involving these other orbits. 

This problem is reflected also in the results for the inelastic scattering to the 2j*";0 

(6.91 MeV) state that are displayed in Fig. 7, but to a lesser extent. For this transition, 

both the DD and LF force calculations underestimate the magnitude of the cross section by a 

factor of 2.5. Allowing this scaling, the result of the DD calculation is better in reproducing 

the shape of the data. This is also the case in the analysing power, in which the DD result 

alone reproduces the observed large negative values at 30° and 60°. 

In Fig. 8, the results of DWA calculations of the inelastic scattering of 200 MeV protons 

10 



to the 3J"; 0 (6.13 MeV) and 1J"; 0 (7.12 MeV) states in 1 60 are shown. These transitions are 

identified by the labels ' 3~ ' and ' l - ' , respectively. The identification of the results of the 

calculations are as for Fig. 7. The results for the scattering to the 3^"; 0 state best reproduce 

the magnitude of any of the inelastic cross sections from 1 60 investigated in this study. An 

enhancement of 50% brings the calculations into excellent agreement with the data. Of the 

calculations, those made using the DD force give results that better reproduce the shape 

of the cross-section and analysing power data. However, neither calculation (DD or LF) is 

able to match the cross-section data for the scattering to the 1J";0 (7.12 MeV) state. The 

differences (compared with the data) in shape and magnitude of the cross sections found 

with both calculations are consistent with the results found for the longitudinal inelastic 

electron scattering form factor (Fig. 3). 

V. CONCLUSIONS 

Analyses of elastic and inelastic proton scattering data from 12C, 14N and 1 60 have been 

made using two effective NN interactions within a fully microscopic theory of elastic and 

(DWA) inelastic scattering. The first of these effective interactions was a density-dependent 

force based on the Paris NN interaction and the second was the Love-Praney force. In the 

scattering analyses, OfUJ and multi-7iw shell model descriptions of the nuclei have been used 

to obtain the relevant structure information (OBDME). Th° results obtained for the elastic 

scattering cross sections and analysing powers for 12C, 14N and 1 60 highlight the importance 

of density effects in the description of the NA scattering process. When considered with the 

results previously published for 12C, the present ones confirm the applicability of the specified 

DD force (at 160 and 200 MeV) for a number of p-shell nuclei. In the case of the inelastic 

scattering of protons from U N and 1 6 0 , the results for the analysing powers also confirm 

the importance of density effects in analyses of scattering data and demonstrate further the 

applicability of the DD force in the description of inelastic NA scattering processes. 

Given the propriety of the effective NN interactions our other results indicate a problem 
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with the nuclear structure models. The results of the calculations are not perfectly matched 

with the cross-section data. Of the three models of structure used, the (0+2+4)fko model is 

the best for use in a description of the 160 MeV proton scattering to the 0+; 1 (2.313 MeV) 

state in 14N. Even so, the data suggtst that a more complete description of the nuclear states 

is required, as none of the model wave functions considered for that process when used in 

DWA calculations give results that have the correct behaviour at low momentum transfer. 

This is more evident for the inelastic scattering of 200 MeV protons from 1 6 0. Therein, while 

the shapes of the cross sections for all but the 1"; 0 state are consistent with observations, 

all calculated DWA magnitudes must be enhanced to match data. Such core polarisation 

reflects limitations with the chosen spectroscopy and in this case a first need is for a shell 

model interaction that accounts for all possible interactions between all of the particles in 

the active orbits. 
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FIGURES 

FIG. 1. Longitudinal elastic electron scattering form factor for 14N. The data of Dally et al. 

[19] are compared to the results of the calculations of the CO form factor using harmonic oscillator 

(solid line) and Woods-Saxon (dashed line) single particle wave functions. 

FIG. 2. Elastic electron scattering form factor for 1 6 0 . The data of Sick and McCarthy [20] 

are compared to the result found using the (0 \-2 + 4)tu) shell model structure and with harmonic 

oscillator single particle wave functions. 

FIG. 3. Longitudinal form factor for the 0+ - • 1^;0 (7.12 MeV) transition in 1 6 0 . The data of 

Torizuka et al. [21] are compared to the results of the (1 + 3 + 5)7iw calculation. 

FIG. 4. Differential cross sections and analysing powers for the elastic scattering (labelled 'gs') 

and inelastic scattering (labelled '2H ')i exciting the 2+;0 (4.44 MeV) state, rf 160 MeV protons 

from12 C. The elastic scattering data of Meyer et al. [23] and inelastic scattering data of Hugi et al. 

[25] are compared to the results of the calculations made using the DD (solid line) and LF (dashed 

line) forces. 

FIG. 5. Differential cross section and analysing power for the elastic scattering of 160 MeV 

protons from 14N. The results in the left-hand panel ('HO') were obtained using harmonic oscillator 

wave functions, while those in the right-hand panel ('WS') were obtained using Woods-Saxon wave 

functions. The data of Taddeucci et al. [26] are compared to the results obtained using the DD 

(solid line) and LF (dashed line) forces. 

FIG. 6. Differential cross section and analysing power for the inelastic scattering of 160 MeV 

protons from 14N, exciting the 0+; 1 (2.313 MeV) state. The data of Taddeucci et al. [26] are 

compared to the results obtained using the (0 + 2 -f 4)7ia>, Oftw and (0 + 2)fto; spectroscopies are 

given by the solid, dashed and dot-dashed lines respectively. The effective interactions used in the 

calculations are as indicated. 
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FIG. 7. Differential cross section and analysing power for the elastic scattering and inelastic 

scattering of 200 MeV protons from 1 60. The elastic scattering results are displayed in the top 

panel ('gs'), while the inelastic scattering results to the 0^;0 (6.05 MeV) and 2^0 (6.91 MeV) 

states are in the middle and bottom panels respectively. The data of Seifert et al. [27] are compared 

to the results of the DD calculation (solid line) and the LF calculation (dashed line). 

FIG. 8. As for Fig. 7, but for the inelastic sectoring to the 3J";0 (6.13 MeV) and 1J";0 

(7.12 MeV) states, labelled by 3" and 1~ respectively. 
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TABLES 

TABLE I. States in 14N and 1 60 considered in the present study. The energies obtained from 

the Qhu, (0 + 2)hu and (0 + 2 + 4)ftw shell models are compared to those from experiment [14,15]. 

Nucleus State Excitation energy (MeV) 

Experiment OUu (0 + 2)7iw (0 + 2 + 4)ftw 

14Na l+;0 0.00 0.00 0.00 0.00 

(0.99) 

2.47 1.51 2.17 

1 6Ob 0+;0 0.00 0.00 

6.33 

8.38 

7.67 

9.12 

Experimental values from Ref. [14] 

Experimental values from Ref. [15] 

TABLE II. Density proBle defining the DD (NN) effective interaction for 12C, 14N (at 160 MeV) 

and 1 6 0 (at 200 MeV) [28]. The kinematic factor to convert to the NA interaction is also given. 

l+;0 

(l+;0) 

0+;l 

0+;0 

0+;0 

3~;0 

2+;0 

1";0 

0.00 

2.31 

0.00 

6.05 

6.13 

6.91 

7.12 

Nucleus 

1 2 C 

1 4 N 

1 6 Q 

P0 (nucleons/fm3) 

0.182 

0.179 

0.165 

c(fm) 

2.355 

2.570 

2.608 

2(fm) 

0.522 

0.505 

0.513 

VJ 

-0.149 

-0.180 

-0.051 

Kinematic factor 

0.94792 

0.94536 

0.89430 
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