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Nuclear Physics
Unusual Signature Inversion at Low Spins in N=99 Rare Earth Nuclei
CHEN Yong-shou, Gao Zao-chun
Signature is a quantum number related to the invariance of the system with respect to reflection in space and time. For odd-A nuclei, the yrast band is based upon a single particle high-j orbital, such as h11/2 and i13/2, and consists of two sequences of I=j(mod 2) and I=j+1 (mod 2) according to the signature. The former, with signature (f=((1)j(1/2/2, is lower in energy than the latter, with signature (u=((1)j(1/2/2, in almost all the experimental cases, and this energy shift can be well understood in terms of the Coriolis coupling. In some nuclei, however, there exists the signature inversion phenomenon, namely, the favored signature sequence of (f lies higher in energy than the unfavored one of (u. There exist no common understanding of this phenomenon for more than twenty years. Recently, we interpret the phenomenon as a manifestation of dynamical drift of the rotational axis with presence of axial asymmetry in these nuclei[1]. This new mechanism seems to work well for understanding of all known experimental signature inversions in different mass regions. However, Prof. Y. H. Zhang[2] has showed us that the signature inversion at low spins in the N=99 rare earth nuclei, 171Hf, 173W and 175Os, can not be understood by any explanation in the literature. The yrast band in these nuclei are built on the neutron Nilsson orbital [512]5/2 , which belongs to the neutron f7/2 shell and has j=7/2, and therefore should have a favored signature (f =(1/2, namely, the sequence of states of I=2n(1/2, n is integer, should be lower in energy. However, it was found experimentally that at low spins, I<35/2, the sequence of states of I=2n(1/2 lies higher in energy than the sequence of states with an unfavored signature. The quantity S(I) is introduced to show the details of signature inversion and splitting, which can be calculated from the yrast band energies E(I) as 
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In Fig. 1, the quantity S(I) for the yrast band of 173W at low spins is presented as a function of spin. The filled circles are experimental data given by Prof. Y. H. Zhang[2]. It is clearly seen that the signature is inversed although the signature splitting is very small. The quantities S(I) for the yrast bands in 171Hf and 175Os have a similar behave, namely showing a signature inversion at low spins. Such an inversion at low spins in odd-neutron nuclei occurs seldom, these are very few cases. In order to understand this unusual feature of the signature inversion, we have carried out a detailed analysis of the single particle wave function of the neutron in the Nilsson orbital [512]5/2. The conclusion is that the reversed signature staggering phase at low spins may be understood in the basis of the j-admixture induced by the quadrupole deformation. The [512]5/2 orbital is close to the N=99 neutron Fermi level in the single-particle diagram. The wave function of this orbital has a main component of f7/2, with a total angular momentum j=7/2, and therefore, the yrast band has been assigned as the [512]5/2 neutron band. However, the component of h9/2 is strongly admixed into the wave function when the quadrupole deformation increases. At the average equilibrium quadrupole deformation of the considered nuclei, (2(0.24, the h9/2 component in the wave function of the [512]5/2 s.p. state becomes to comparable with the f7/2 component so that the signature is actually governed by the h9/2 component , namely, the favored signature is (f =+1/2, instead of (f = (1/2, which would otherwise be determined by a dominate f7/2 component. In summary, the measured reversed signature staggering phase, showing the favored signature of (f =+1/2 at low spins, may be attributed to the admixture of a large h9/2 component into the wave function, comparable with the main component of the f7/2. The observed unusual signature inversion at low spins in N=99 rare earth nuclei is not at all serving as an experimental evidence that is against our new interpretation for signature inversion[1]. The calculated results for the yrast band in 173W, both at low and high spins, by the TPSM are in nice agreement with experimental data, not shown here, will be published in forthcoming paper by Y .H. Zhang et al. 
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Fig. 1  Quantity S(I) for yrast band

The [512]5/2 neutron band, of 173W, the data are taken from Ref. [2]

Note that the signature is inversed at low spins and becomes to normal at high spins
●——Exp.
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γ Degree of Freedom for 178Hf Isomeric State*
Tuya, CHEN Yong-shou, GAO Zao-chun
Nuclear isomer has become one of the most exciting topics in the nuclear structure research, due to its great potential application of the controlled release of the nuclear energy. The study of 178Hf has attracted much interest due to the existence of the long-lived (31 a) and high-lying (2.4 MeV) isomer state, 178Hf m2. However, how to trigger this isomer remains unknown. We may attempt to find this excitation and de-excitation pathway, i.e. to find some intermediate states which connect the isomer to ground state by electromagnetic transitions. In this way, a nucleus in an isomeric state is first excited to an intermediate states by absorption of an incident photon. If the selection rules for transitions between the intermediate states and the ground state are fulfilled, then enhanced gamma-decay, usually a multi-step electromagnetic transitions, is expected to occur. In this paper, we report a new structure information on the 178Hf isomeric state, which shows the possible existence of the γ-vibrational band state built on the 16+ isomeric state, and, therefore, indicates a more probable potential excitation and de-excitation pathway. 

We have performed calculations for the six rotational bands in 178Hf which have been found experimentally by using triaxial projected shell model (TPSM). By assuming γ=22º the experimental γ band based on the ground state has been well reproduced (see Fig. 1a) as well as the experimental multi-quasi-particle rotational bands. It has been found that if the intrinsic configuration of 178Hf m2（16+）state have the same γ, several rotational bands based on the same intrinsic configuration of 178Hf m2（16+）can be obtained (see Fig. 1b). There is a rotational band , its band head (I=14+) lies about 900 keV above the 178Hf m2（16+）state (see Fig. 1b). This 14+ state should be rather easily excited from the 16+ isomeric state because of the same intrinsic configuration of these two states. It is hope that the 14+ state could have more probable chance to decay into the ground state band compared with the 178Hf m2（16+）state, and then to realize the de-excitation of the isomeric state. Therefore, the meaning of the experimental certification of 14+ state is twofold: to indicate that the 178Hf m2 have the γ degree of freedom, so there is no good K quantum number in this system, and this can increase the chance of the electromagnetic transition between these two states. In addition, the existence of the 14+ state itself maybe a probable way in de-excitation of the 178Hf m2. 
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Fig.1  Calculation of γ band in 178Hf 
Solid circle for experimental value, open circle for theoretical value 
a——Comparison of calculated energy level of ground state band and its γ band;

b——Comparison of calculated energy level of 178Hf m2（16+）state and its γ band
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Ground-State Properties of Ca Isotopes and 
Density Dependence of Symmetry Energy*
LIANG Jun1, MA Zhong-yu

（1 Physics Department, Taiyuan University of Technology）
A relativistic mean field model is used to study the ground-state properties of neutron-rich nuclei in Ca isotopes. An additional isoscalar and isovector nonlinear coupling has been introduced in the relativistic mean field model, which could soften the symmetry energy while without changing the bulk properties of symmetric nuclear matter as well as the experimentally known ground state properties of finite nuclei. The sensitivity of proton and neutron density distributions and single particle states in Ca isotopes to the additional nonlinear isoscalar-isovector coupling terms is investigated. We found that the binding energies, the density distributions of single particle levels are strongly correlated with the density dependence of the asymmetric energy in nuclear matter.



* Supported by National Natural Science Foundation of China (10475116, 10535010 and 10235020), and Asia-Europe Link in Nuclear Physics and Astrophysics(CN/ASIA-LINK/008(094-791))
Giant Monopole Resonance and Symmetry Energy*
LIANG Jun1, MA Zhong-yu

(1 Physics Department, Taiyuan University of Technology)

Nuclear matter incompressibility is discussed by the monopole compression modes in nuclei in the framework of a fully consistent relativistic random phase approximation, based on effective Lagrangians with a mixed isoscalar-isovector nonlinear coupling term. A predicted value of the matter incompressibility coefficient is given by comparison between experimental and calculated energies of the isoscalar giant monopole resonance (ISGMR) in nuclei 208Pb, 144Sm, 116Sn and 90Zr. The new isoscalar-isovector nonlinear coupling softens the nuclear matter symmetry energy without ruining the agreement with experimentally existing ground state properties. The effect of the softening of the symmetry energy on the ISGMR is discussed.



* Supported by National Natural Science Foundation of China (10475116, 10535010 and 10235020), and Asia-Europe Link in Nuclear Physics and Astrophysics(CN/ASIA-LINK/008(094-791))
Shape Coexistence in Neutron-Deficient At Isotopes 
in Relativistic Mean Field Model*
LIANG Jun1, MA Zhong-yu

(1 Physics Department, Taiyuan University of Technology)

The potential energy surfaces are calculated for neutron-deficient At isotopes from A=190 to 207 in an axially deformed relativistic mean field approach with a wide range of (2 deformation, using a quadratic constraint scheme for the first time. We find several minima in the potential energy surface for each nucleus, shape-coexistence and quadratic deform are discussed. In some At isotopes, the isomeric solutions are very close to one another and can be considered as coexistent shapes. The shape coexistence in At-isotopes can be explained by a simple mean field picture. The shape coexistence and shape transition are associated with the occupation of some specific single-particle structure. In At isotopes the occupation of the proton intruder state ((=13/2 + gives rise to the oblate shape and shape coexistence.

However, it should be mentioned that there are uncertainties about the assignment of the ground state configurations, the solution of different shapes lying with only a few MeV difference, sometimes even degenerate each other. Although a slight change in the pairing parameter may alter the prediction of the ground state shape, the shape coexistence may not be destroyed. In addition, our assumption of axial symmetry might not be quite appropriate to some of nuclei, the triaxial deformation have to be investigated further.


* Supported by National Natural Science Foundation of China (10475116, 10535010 and 10235020), and Asia-Europe Link in Nuclear Physics and Astrophysics(CN/ASIA-LINK/008(094-791))
Pygmy and Giant Dipole Resonances in Ni Isotopes*
LIANG Jun1, MA Zhong-yu

(1 Physics Department, Taiyuan University of Technology)

The isovector giant and Pygmy dipole resonances in even-even Ni isotopes are studied within the framework of a fully consistent relativistic random phase approximation built on the relativistic mean field ground state. An additional isoscalar-isovector nonlinear coupling term is adopted in the effective mean-field Lagrangian, which could modify the density dependence of the symmetry energy and soften the symmetry energy at the saturation density without changing the agreement with experimentally existing data of ground state properties. We found that the centroid energy of the isovector giant dipole resonance is tightly correlated to the neutron skin thickness. In contrast, the centroid energy of the isovector Pygmy resonance is insensitive to the neutron skin thickness in Ni isotopes.



* Supported by National Natural Science Foundation of China (10475116, 10535010 and 10235030), and Asia-Europe Link in Nuclear Physics and Astrophysics(CN/ASIA-LINK/008(094-791))
Microscopic Optical Potential of Nucleus-Nucleus Elastic Scattering*
MA Yin-qun1，MA Zhong-yu
(1 Physics Department, Taiyuan Teachers College)
A parameter free microscopic optical potential of nucleus-nucleus interaction is first presented by a folding method with the isospin dependent complex nucleon-nuclear potential, which is calculated in the framework of the Dirac-Bruecker-Hartree-Fock (DBHF) approach. A relativistic microscopic optical potential (RMOP) of nucleon scattering off nucleus has been investigated within the framework of the DBHF approach
[image: image4.wmf]]
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. A new decomposition of the Dirac structure of nuclear self-energy in the DBHF was extended to the calculations in the asymmetric nuclear matter. The real part of the nucleon self-energy in asymmetric nuclear matter is calculated with the G-matrix in the DBHF approach and the imaginary part of the nucleon self-energy is obtained by the G-matrix polarization diagram. 

The DBHF nucleon self-energies in asymmetric nuclear matter have the general form
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where i stands for proton or neutron. It is well known that the optical potential of a nucleon in the nuclear medium is its self-energy. For finite nuclei the nucleon potential is obtained by means of the local-density approximation (LDA), in which the space dependence of the RMOP is directly connected with the density of the target nucleus and asymmetry parameter in asymmetric nuclear matter:

(LDA(r, ε)= (NM(k, ρ(r), β)                             (2)
where (LDA(r, ε) is the RMOP for a finite nucleus with an incident nucleon energy ε, and (NM(k, ρ(r), β) is that in nuclear matter at the density ρ(r) and asymmetry parameter β. The Dirac equation of the projectile nucleon in the mean field of the target nucleus can be written as 
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where 
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where m is the mass of nucleons, Usi , U0i are Lorentz scalar and vector potentials, respectively. εi is the energy of the projectile in the center-of-mass system. Vc is the Coulomb potential. In order to calculate the experimental observables, a Schroedinger-equivalent equation for the upper component of the Dirac spinor can be obtained by eliminating the lower component of the Dirac spinor in a standard way.
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where Vieff(r) and Vis.o.(r) are the central and the spin-orbit parts of the Schroedinger-equivalent potentials, respectively. The explicit expression for Vieff(r) is
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In a simple practical approach to composite particle scattering, one considers the target just a scatter, and the nucleus-nucleus optical potential can be obtained by a folding method. The proton- and neutron -nucleus optical potentials are folded with the corresponding proton and neutron density distributions in the projectile.
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where R is the separation distance between two centers of the colliding nuclei. r is the coordinate of the proton (neutron) at the center of mass frame of the projectile, while s=R－r is the vectors between the proton (neutron) in the projectile and the center of mass of the target. ρi(r) is the density distribution of proton (neutron) at the projectile. This expression becomes much simpler in a spherical assumption, where the density distributions of projectile ρi(r) and potential Vieff(r) are spherical. With the folding method in the momentum space, we could obtain the nucleus-nucleus microscopic optical potential with the real and imaginary parts, simultaneously.
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Here, the modification factor NI on the imaginary potential is introduced. In the calculation of  the RMOP obtained from the DBHF theory, the high order contribution is not included in the imaginary part of the nucleon self-energy. This may lead the imaginary potential too weak. In addition, the breakup process of the projectile nucleus brings a large enhancement of the imaginary part of the optical potential.

The elastic scattering 6He+12C→6He+12C is investigated at Elab=229.8 MeV. The results are shown in the Fig. 1. Fig. 1a displays the differential cross section in comparison with the experimental data when the modification factor NI of the imaginary potential takes 1.0 and 3.0 respectively. Fig. 1b indicates the comparison with the results based on various theoretical models. The sold lines show the results of calculated by the modification factor NI =3.0 in the imaginary part potential. The agreement between our theoretical calculation and the experimental data is impressive, which is rather encouraging without adjusting free parameters. The microscopic optical potential will be applied to exotic nuclei reactions, where the experimental data are not available.
[image: image12.png]



Fig. 1  Angular distribution in 6He+12C and a comparison with various theoretical models calculations
a：●——Exp.; Open line——NI=1.0; Solid line——NI=3.0

b：●——Exp.; Solid line——Present work；……——CDM3Y6+DPP；- · - · - ——Glauber
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* Supported by National Natural Science Foundation of China (10475116, 10535010 and 10235020), and Asia-Europe Link in Nuclear Physics and Astrophysics(CN/ASIA-LINK/008(094-791))
Study of Pairing Interaction in a Separable Force*

TIAN Yuan, MA Zhong-yu 

We adopt Duguet new method, which derives a separable form of the pairing interaction from a complicated pairing interaction in nuclear matter. With a given pairing interaction, one could solve the BCS gap equation and obtain the corresponding gaps at various densities, or Fermi momenta in nuclear matter. The relationship between the gap and the Fermi momentum accounts for the properties of pairing correlations. Duguet suggested a separate expression with a product of two exactly same Gaussian forms and fitted the gap closure of the AV18 bare NN interaction. The expression is extremely simple with only two parameters. With this approach the separable pairing interaction has a clear link with the bare NN interaction, and a tractable form for the calculation in finite nuclei. We hope the separable pairing interaction can give us a chance to solve the encountered problem in the investigation of the pairing correlation.

In this work we adopt the same approach to derive separable pairing interactions with a Gaussian form from complicated pairing interactions. By comparison we choose a bare Bonn interaction and the Gogny effective NN interaction, which is commonly used as a pairing interaction in the calculation of finite nuclei. By fitting the gap closure of the Bonn and the Gogny forces, we obtain the corresponding separable pairing expressions with suitable parameters. We can see from the Fig.1 that the separable force with only two parameters could well reproduce the corresponding gap closure.

Then we perform calculations of pairing correlations in finite nuclei with those separable paring interactions. There are mainly two methods to deal with the pairing correlation in the relativistic approach: RMF+BCS and relativistic Hartree-Bogoliubov(RHB) theory. For nuclei close to the β-stability line, the pairing correlation could be well depicted in the simple RMF+BCS model. However, for nuclei far from stability the BCS model presents only a poor approximation. In particular, in drip-line nuclei the Fermi surface is close to the particle continuum, the BCS model may give some un-physical results. By the unitary Bogoliubov transformation, the RHB theory can bring the pairing interaction into the self-consistent RMF calculation naturally. Therefore, it can be properly applied in nuclei far from the stability line. In our work, we carry out the RHB calculation with a pairing interaction in finite nuclei. Since the numerical complexity of the RHB theory, up to now only Gogny force and density dependent δ interaction have been used in the RHB calculation. Although it is successful in describing nuclear ground state properties throughout the periodic table and beyond, they lack a link to the bare NN interaction. Extrapolation of these interactions towards the drip lines is unreliable. That is also one of our main purposes to introduce a separable force with an explicit link with the bare NN interaction. 

In order to verify the validity of the separable pairing interaction in the calculation of finite nuclei, we investigate the properties of pairing correlations in the RHB in two isotope chains in Fig.2: 164Pb to 264Pb, 100Sn to 160Sn. Good agreement of the pairing energy calculated with Gogny pairing force and its separable form is observed, where the largest discrepancy is less than 10%. Therefore, the separable form can depict the paring properties in finite nuclei on almost same footing as its original pairing interaction. We further calculate the pairing energies in those two isotope chains with the separable forms obtained from the Bonn potential and AV18 bare NN interactions. In comparison with the pairing energies obtained with Gogny pairing force, it is found that the bare NN interactions, such as Bonn and AV18 interactions produce weaker pairing energies than those of Gogny force. 
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Fig. 1  Comparison of pairing gaps from Gogny forces (D1/D1S) (a) and 
Bonn A potential (b) with corresponding separable forces

In summary, we derive a simple separable form of the pairing interaction from a bare or effective NN interaction by reproducing the gap closure in nuclear matter. It is found that this separable form of pairing force can well depict the pairing properties on almost same footing as the original pairing interaction not only in nuclear matter, but also in finite nuclei. This simple separable force can be easily applied in the calculation of deformed nuclei, and the investigation of pairing properties in nuclei close to the drip lines as well as further be extended in beyond mean field calculations.
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Fig. 2  Pairing energies in 100Sn-160Sn and 164Pb-264Pb
They are calculated in the RHB equation with the separable form pairing interaction of Gogny(D1/D1S), Bonn potential and AV18
a, c——Sn; b, d——Pb
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Net Charge Transfer Fluctuation in Quark-Gluon Matter and 
Hadronic Matter

SA Ben-hao, LI Xiao-mei, DONG Bao-guo
We investigated the net charge transfer fluctuation at mid-rapidity region in Au+Au collisions at 
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=200 GeV. A partonic and hadronic cascade model, PACIAE, is applied to follow the particle transport in both the partonic and hadronic phases. We have determined the factor (, which characterizes the net charge transfer fluctuation. Considering the pure hadronic and pure partonic scenarios, we obtain a factor of 3-5 difference in (. However, by switching on the hadronization of partonic matter and introducing the secondary hadron-hadron interactions, the factor ( will increase and finally approach the value of the pure hadronic scenario within an accuracy of 20%. Refer to Ref. [1] for the details.
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[1]  SA Benhao, et al. Phys Lett, 2006, B638: 461.

Charged Particle Universal Rapidity Scaling in e+e－, 
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+P and Au+Au Collisions at Relativistic Energies and Its Partonic Origin

SA Ben-hao
A parton and hadron cascade model, PACIAE, is employed to investigate the charged particle universal (pseudo) rapidity scaling (limiting fragmentation) revisited recently by BRAHMS and PHOBOS in the e+e－，
[image: image17.wmf]P

+P，and Au+Au collisions at relativistic energies. It is turned out that this universal scaling shown in the hadronic final state is stemming from the partonic initial state. However, because that scaling is observed in the tail region of (pseudo) rapidity distributions and the small distinctions among small variables are easy to be hided, therefore this universal scaling might not be so much things to do with reaction dynamics, Quark-Gluon-Plasma especially. Refer to Ref. [1] for the details.
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Applications of Skyrme Energy-Density Functional 
to Fusion Reactions for Synthesis of Superheavy Nuclei*
WANG Ning, WU Xi-zhen, LI Zhu-xia, LIU Min
It is of great importance to predict fusion cross sections and to analyze reaction mechanism for massive heavy-ion fusion reactions, especially for fusion reactions leading to superheavy nuclei. In those reactions, the calculation of the capture cross section is of crucial importance. It is known that Wong's formula based on one-dimensional barrier penetration can describe the fusion excitation function well for light reaction systems, while it fails to give satisfying results for heavy reaction systems at energies near and below the barrier. For solving this problem, we applied the Skyrme energy-density functional for the first time to study heavy-ion fusion reactions. The barrier for fusion reaction was calculated by the Skyrme energy-density functional together with the semi-classical extended Thomas-Fermi method. Based on the interaction potential barrier obtained, we proposed a parametrization of the empirical barrier distribution to take into account the multi-dimensional character of the real barrier and then applied it to calculate the fusion excitation functions of light and intermediate-heavy fusion reaction systems in terms of the barrier penetration concept. Now we try to extend the Skyrme energy-density functional approach to study the massive heavy-ion fusion reactions leading to the formation of superheavy nuclei. Based on the potential barrier obtained and the parameterized barrier distribution the fusion (capture) excitation functions of a lot of heavy-ion fusion reactions are studied systematically. The average deviations of fusion cross sections at energies near and above the barriers from experimental data are less than 0.05 for 92% of 76 fusion reactions with Z1Z2 <1 200. For the massive fusion reactions, for example, the 238U-induced reactions and 48Ca+208Pb the capture excitation functions have been reproduced remarkable well. The influence of structure effects in the reaction partners on the capture cross sections are studied with our parameterized barrier distribution. Through comparing the reactions induced by double-magic nucleus 48Ca and by 32S and 35Cl, the 'threshold-like' behavior in the capture excitation function for 48Ca induced reactions is explored and an optimal balance between the capture cross section and the excitation energy of the compound nucleus is studied. Finally, the fusion reactions with 36S, 37Cl, 48Ca and 50Ti bombarding on 248Cm, 247,249Bk, 250,252,254Cf and 252,254Es, and as well as the reactions lead to the same compound nucleus with Z=120 and N=182 are studied further. The calculation results for these reactions are useful for searching for the optimal fusion configuration and suitable incident energy in the synthesis of superheavy nuclei.


* Supported by National Natural Science Foundation of China (10235030, 10235020)

Elliptic Flow and System Size Dependence of Transition Energies

at Intermediate Energies

ZHANG Yin-xun, LI Zhu-xia

One of the main goal for the research area of heavy ion collisions(HICs) at intermediate energies is to extract more accurate information on the nuclear equation of state (EoS). In this work, we apply the new version of the Improved Quantum Molecular Dynamics model (ImQMD05)[1] to study the excitation function of elliptic flow parameters for 197Au+197Au at intermediate energies, and through the comparison between measurement of FOPI, INDRA, ALADIN Collaborations[2, 3] and our model calculations to extract the information on the effective interaction which related to EoS and the medium correction of nucleon-nucleon cross sections. In ImQMD05 model, a complete Skyrme potential energy density functional is employed. In this work, SkP, SkM*, SLy7, and SIII interactions are chosen. The first three are with similar incompressibility K ≈ 200-229 MeV but with different m*/m, the last one is with K＝  354 MeV. The influence of different effective interactions and medium corrections of nucleon-nucleon cross sections on the elliptic flow are studied. Our results show that a soft nuclear equation of state and incident energy dependent in-medium nucleon-nucleon cross sections are required for describing the excitation function of the elliptic flow at intermediate energies. The size dependence of transition energies for the elliptic flow from 8Ni+8Ni to 197Au+ 197Au is also studied. The system size dependence of transition energies fits a power of system size with a exponent of 0.223.
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In-Medium NN Cross Sections Determined From Stopping and
Collective Flow in Intermediate-Energy Heavy-Ion Collisions
ZHANG Ying-xun, LI Zhu-xia, Pawel Danielewicz1
(1 National Superconducting Cyclotron Laboratory, Michigan State University,
East Lansing, Michigan 48824, USA)
One of the main goals of research in the area of heavy ion collisions (HICs) at intermediate energies has been the determination of bulk properties of nuclear matter, such as the nuclear equation of state (EoS). To access the EoS, it is necessary to describe reaction observables, such as those quantifying the collective motion of nuclear matter, within reaction theory. The transport models employed in the description of central reactions have included the quantum molecular dynamics approaches in its QMD and ImQMD (with Im for Improved) variants, as well as the Boltzmann-Uehling-Uhlenbeck (BUU). The two main ingredients of the nuclear transport are the nucleonic mean fields and nucleon-nucleon binary scattering cross sections (NNCS). The employed cross sections affect virtually any observable from a central reactions and constraining those cross sections is essential for reducing the EoS uncertainties. Also the in-medium cross-sections are of interest for their own sake, as they underlie the viscosity and other nuclear transport coefficients. In our investigations we rely on the recent version ImQMD05 of the ImQMD model[1-3], in which a complete Skyrme potential energy density functional is employed. The SkP and SLy7 Skyrme interactions are employed in the calculations. We proposed an ad hoc parameterization of in-medium NNCS, inspired by the closed time Green’s function results, aiming at the description of the excitation function for elliptic flow in the midrapidity region in Au+Au collisions[3], which is both energy and density dependent. In this work, we further investigate the impact of NNCS on nuclear stopping. The nuclear stopping is measured by vartl[4], which is defined as the ratio of the rapidity variance in the transverse direction to the rapidity variance in the longitudinal direction. We try to get conclusion of   NNCS by using recent data on stopping and elliptic and directed flows, obtained with a good centrality selection, from collisions of Au+Au and other symmetric or near-symmetric systems [4-6]. We find the vartl observable exhibits a strong dependence on cross sections and little on mean field, while flow observables depend to a comparable extent on cross sections and mean field. We find the good agreement can be obtained between the calculation results with SkP Skyrme interaction and this ad hoc parameterization of in-medium NNCS and the experimental data of nuclear stopping and collective flow. Positive correlations are found between the degree of stopping and the magnitudes of elliptic and directed flows in this work. 
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Mechanism of Proton-Induced Reactions 

on Targets 16O, 27Al, 56Fe, 112Cd, 184W and 208Pb at Ep=800 MeV*
OU Li, ZHANG Ying-xun, LI Zhu-xia

We investigate the 800 MeV proton-induced spallation reactions on various targets included 16O，27Al， 56Fe，112Cd，184W and 208Pb by the improved quantum molecular dynamics (ImQMD05) model incorporated  with a statistical decay model (SDM). The influence of the nucleon-nucleon effective interaction on proton induced spallation reactions is studied by using different Skyrme interactions, namely SIII，SkT6，SLy7，SkM*，and SkP. It is found that the low energy part of the neutron double differential cross sections (DDCS) is influenced by the effective nucleon-nucleon interaction strongly, which is mainly contributed from the decay of the excited residue. The higher the excitation energy of residue is, the more neutrons can be evaporated. While the high energy part of neutron DDCS is influenced weakly, because these neutrons are emitted in the early stage of non-equilibrium process which nucleon-nucleon collisions play important role more than mean-field. Among the Skyrme interactions used in the calculations, the calculation results with SkP give the best agreement with the experimental data.

The DDCS of emitted neutron is presented in the Fig. 1.

[image: image18.png]10°'DDCS/ (m?+sr '« MeV ™)

—SIII

Lo
1072F
L0~ [Py

10°°
107"

Lo —

- SkP -----SKT6

LT ---SkM"---SLy7 = Exp, 0k

10°
1077
107"

iy

—SIII -SKP -----SKkT6
_:__:SkM* --SLy7 o Exp,

10°c —SIII
10° ot

10~
107"
10°°
10°°

103 100

- SkP -----SKT6

— ST -SkP ----SkT6

N - -SkM* --SLy7 o Exp.

107"

—SII -SkP ----SkTé6

| —--SkM'—SLy7 o Exp

107
107"

— SIII -SKP ----SkT6

-SkM'-SLy7 = Exp,





Fig. 1  Calculated neutron DDCS compared with experimental data

□——30°×100；○——60°×10－2；△——120°×10－4；▽——150°×10－6


* Supported by National Natural Science Foundation of China (10235030)
Analysis of Intermediate Energy Proton-Induced Spallation Reactions

by Improved Quantum Molecular Dynamics Plus Statistical Decay Model*
OU Li, ZHANG Ying-xun, TIAN Jun-long, LI Zhu-xia

Intermediate energy proton-induced spallation reactions with various targets are studied by the improved quantum molecular dynamics (ImQMD05) model incorporated with the statistical decay model (SDM).

We first test how the mean-field influence the spallation reactions with vary incident energy by performing calculations with two sets of Skyrme interactions, namely SkP and SIII corresponding a soft and stiff equation of state, respectively. 
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Fig. 1  Comparison between results for proton on 56Fe target calculated with SkP and SIII

The experimental data are also shown in the figure by open circles

a——113 MeV; b——256 MeV; c——597 MeV; d——800 MeV

□——7.5°×100; ◊——30°×10－1; △——60°×10－2; ▽——150°×10－3; Solid line——SkP; Open line——SⅢ
In Fig. 1 we compare the results of DDCS of neutrons for reactions of 113, 256, 597 and 800 MeV proton on 56Fe calculated with SkP and SIII, respectively. We see that the difference between the DDCS of emitted neutrons calculated with SkP and SIII becomes obvious not only in the low energy part but also in the high energy part for lower incident energy cases. We find that the neutron DDCS calculated with SkP are in good agreement with experimental data in a wide energy region. It means that a soft equation of state is better in describing the spallation reactions, which is in consistent with that found in heavy ion collisions.

With SkP parameter set, we make a systematic calculation on the reactions for 113, 256, 597 and 800 MeV proton on 16O, 27Al, 56Fe and 208Pb targets, respectively. The results of the DDCS of neutrons emitted in p+208Pb compared with experimental data are illustrated in Fig. 2. We can see that the calculation results are in good agreement with experimental data overall. In the cases of low incident energies, the DDCS at backward angles agree with experimental data well. The largest deviation from experiment data appears at the high energy part for backward angles when Ep=597 and 800 MeV. We think that it may result from the medium correction of nucleon-nucleon scattering cross section which have not introduced in the calculations.
[image: image20.png]103'DDCS/ (m?2esr 's MeV ")

Lo r
102 ]
10

1 OO cuty gL T %
10~ [

107
107°
10°°

10°
10°F
10
10°f
107 F
107}
107
107"
107

10°°





Fig 2  Comparison between calculation results and experimental data for DDCS

of emitted neutron in 113, 256, 597 and 800 MeV proton on 208Pb

The experimental data are given by open circles
a——113 MeV; b——256 MeV; c——597 MeV; d——800 MeV

□——7.5°×100; ◊——30°×10－1; △——60°×10－2; ▽——150°×10－3; Solid line——SkP; Open line——SⅢ


* Supported by National Natural Science Foundation of China (10235030, 10235020)

Applications of Skyrme Energy-Density Functional 
to Fusion Reactions Spanning Fusion Barriers*
LIU Min, WANG Ning, LI Zhu-xia, WU Xi-zhen
A large number of fusion excitation functions have been accumulated in recent decades, which provides a possibility for a systematic study on the fusion reactions. Newton et al. analyzed a total of 46 fusion excitation functions at energies above the average fusion barriers using the Woods-Saxon form for the nuclear potential in a barrier passing model of fusion and found that the empirical diffuseness parameters a ranging between 0.75 and 1.5 were considerably larger than those obtained from elastic scattering data. It results in a certain difficulty for giving satisfied predictions of fusion cross sections for unmeasured reaction systems. In order to carry out a systematic study of fusion excitation functions, a simple and useful approach seems to be required. 
According to the Hohenberg and Kohn theorem the energy of a N-body system of interaction fermions is a unique functional of local density. In the framework of the semi-classical Extended Thomas Fermi (ETF) approach together with a Skyrme effective nuclear interaction such a functional can be derived systematically. It is applied to make a systematic study of fusion reactions. Firstly, we will use the semi-classical expressions of the Skyrme energy density functional to study the energies and the density distributions of a series of nuclei by the restricted density variational (RDV) method. Secondly, with the density distributions obtained, the entrance-channel potentials of a series of fusion reactions are calculated. Then, based on the entrance-channel potential obtained, a parametrization of the empirical barrier distribution is proposed to take into account the multi-dimensional character of real barrier and then apply it to calculate the fusion excitation functions in terms of barrier penetration concept. A large number of measured fusion excitation functions spanning the fusion barriers can be reproduced well. The competition between suppression and enhancement of sub-barrier fusion caused by neutron-shell- closure and excess neutron effects is studied.


* Supported by National Natural Science Foundation of China (10235030, 10235020)

Study of Mass Parameter Based on Quantum Molecular Dynamics Model*
ZHAO Kai, WU Xi-zhen, LI Zhu-xia, ZHAO Zhi-xiang 
In the large amplitude collective motion of nuclei including heavy ion fusion reaction (synthesis of superheavy nuclei) and fission, the macroscopic models play a very important role. The potential energy surface, the mass parameter and the viscosity are the most important quantities in the macroscopically description of the large amplitude collective motions. In recent years many people devoted themself to study these quantities. Up to now the calculation of potential energy based on the macroscopic and microscopic method seems to be quite successful. However the theoretical description of mass parameter and viscosity is still very preliminary, especially the calculation of mass parameter is even poor. Microscopically, the cranking model was developed to describe the mass parameter of nuclear systems. But because of the abrupt change of mass parameter near the level crossing, there is some difficulty for practical purposes. Whereas in the macroscopic model of mass parameter, the assumption is too simple for practical purposes, therefore the study on nuclear mass parameter based on the practical nuclear model is always an important task. In this paper we use the Improved Quantum Molecular Dynamics (ImQMD) model to study mass parameters. Firstly we study the mass parameter for relative collective motion MRR for systems of 96Zr+96Zr, 138Ba+138Ba and 197Au+197Au. The dependence of this mass parameter on the distance between the centers of mass of two nuclei is presented. With decrease of the distance between the centers of mass of two nuclei from separation to contact, the mass parameter MRR increases from the reduced mass to about two times of reduced mass. The amplitude of the mass parameter calculated by ImQMD model is higher than that obtained by Werner-Wheeler method and may lower than that by cranking model. The general tendency of MRR changing with R is similar with the mass parameter calculated by Werner-Wheeler method. These general behaviors are quite reasonable. Since the mass parameter is one of intrinsic behaviors of the nuclear system, it should be dependent on the equation of state of nuclei, that is, dependent on the incompressibility of nuclear matter. In this paper we firstly study the dependence of mass parameters on the incompressibility of nuclear matter. The results show that the nuclear system with large incompressibility gives a large MRR after contact of two nuclei. It means that the stiff force makes the reaction system have a large mass parameter for relative collective motion. Concerning the mass parameter for neck motion, the situation is just opposite, the nuclear system with large incompressibility gives a small mass parameter for neck motion.



* Supported by National Natural Science Foundation of China (10235030, 10235020)
Superheavy Fragments Produced 
in Asymmetric Strongly Damped Collisions*
TIAN Jun-long, WU Xi-zhen, LI Zhu-xia, ZHAO Kai
In recent years, a great achievement in synthesis of superheavy elements (SHEs) has been made by the complete fusion reactions. However, the further experimental extension of the region of SHEs to the central area of “Island of Stability” by means of those reactions is limited by the number of neutron available of projectiles and targets, and also by the very low production cross section. In order to search new superheavy nuclei the radioactive ion beam will have to be utilized, but up to now the intensive radioactive ion beam is not available. An alternatively possible pathway to production of superheavy elements is the strongly damped reaction between two very heavy nuclei.

The strong damped collisions are means by two heavy interacting nuclei stick together for a period of time and during the time an amount of kinetic energy are transformed from the projectile into internal excitation and a number of protons and neutrons are also transferred between the interacting nuclei. The symmetric strongly damped reactions of 197Au+197Au, 238U+238U and 244Pu+ 244Pu have been studied by N. Wang et al. within the improved quantum molecular dynamics (ImQMD) model and it has been found that the production probability of SHFs for the 244Pu+ 244Pu reaction is higher than that for the 238U+238U reaction and no product of SHFs is found in the 197Au+197Au reaction. As an extension of that work, we will study asymmetric strongly damped reactions, for example the reaction of 232Th+250Cf in this paper. The strongly damped collisions of very heavy nuclei 232Th+250Cf at energy range of 800-2 000 MeV have been studied within the improved quantum molecular dynamics model. The production probability of primary superheavy fragments with Z≥114 (SHFs) for the asymmetric reaction 232Th+250Cf is higher than that for the symmetric reaction 238U+238U and 244Pu+ 244Pu. The calculated results show that the mass and charge distributions of primary fragments, the excitation energy distribution of SHFs depend on incident energies strongly. Two stages of the decay process of composite systems are distinguished by very different decay slopes, which imply different decay mechanism of the composite system. The first stage is for the decay of giant composite systems and the second one is corresponding to the decay of fragments of giant composite systems including SHFs through emitting neutron, proton or other charged particles, and also through fission or fragmentation. The slow reduction of SHFs in the second stage seems to be helpful for the survival of primary superheavy fragments.


* Supported by National Natural Science Foundation of China (10235030, 10235020)
Average Lifetime of Giant Composite Systems Formed
in Strongly Damped Collisions*
TIAN Jun-long, WU Xi-zhen, LI Zhu-xia, OU Li
The strongly damped reactions between very heavy nuclei, like U+U could be one of possible approaches for producing superheavy nuclei, which was studied in the ’70s and the early ’80s at the energies near the Coulomb barrier. Very recently, the study on this kind of reactions is renewed. In our previous paper, the production probability of primary superheavy fragments depending on incident energies and combinations of projectile and target were studied within the improved quantum molecular dynamics model. Whereas in the paper written by V. I. Zagrebaev and W. Greiner, the low energy collisions of 238U+238U and 232Th+250Cf etc. were studied within multi-dimensional Langevin equations, in which the mass and charge distributions of primary and survived fragments formed in the reactions were mainly concerned. However, for microscopically understanding of the mechanism of low energy collisions between very heavy nuclei there are still many works need to be done. Among them, the study about the formation of the giant composite system and its properties are essentially important. In this work, the dynamic, adiabatic and diabatic entrance potentials in strongly damped reactions of 238U+238U and 232Th+250Cf are calculated and compared. The feature of the dynamical potential implies that it is possible for the composite systems to stick together for a period of time. By means of the improved quantum molecular dynamics model the time evolution of the density and charge distributions of giant composite systems and their fragments for reactions 238U+238U and 232Th+250Cf are investigated, from which the lifetimes of giant composite systems at different energies are obtained. The longest average lifetime of 238U+238U is found to be about ~1 200 fm/c when the incident energy is about Ecm=1 080 MeV.
Those studies can provide us with very useful information about the mechanism of strongly damped reactions between very massive nuclei and will help us to search for a possible pathway for synthesis of more neutron-rich superheavy nuclei. Furthermore, they are also of a great significance for discovery of spontaneous positron emission from super-strong electric field by a static QED process (transition from neutral to charged QED vacuum).


* Supported by National Natural Science Foundation of China (10235030, 10235020)
Modified Woods-Saxon Potential for Heavy-Ion Fusion Reaction*
TIAN Jun-long, WANG Ning1, LI Zhu-xia

（1 Institute for Theoretical Physics at Justus-Liebig-University, D-35392 Giessen, Germany）

A modified Woods-Saxon potential (MWS) is proposed for describing nucleus-nucleus interaction based on the Skyrme energy-density functional (SEDF) approach. Fusion barriers for a large number of fusion reactions from light to heavy systems can be described well with this potential (Fig.1). The calculated fusion excitation functions of reactions 16O+92Zr, 28Si+92Zr, 16O+208Pb and 48Ca+208Pb are in good agreement with experimental data (Fig.2). The suitable incident energies for cold and hot fusion reactions leading to synthesis of superheavy nuclei are also presented. It seems to us that the modified Woods-Saxon potential is useful for selecting the suitable incident energies for producing super-heavy nuclei.

Now let us discuss how to obtain the parameters of the MWS potential. The nucleus-nucleus potential reads

V(R)=VN(R)+VC(R)                                  (1)

where VN and VC are the nuclear interaction and the Coulomb interaction, respectively. We take VC(R) =e2Z1Z2/R, and the nuclear interaction VN to be Woods-Saxon form with five parameters determined by fitting the obtained entrance-channel potentials by SEDF approach:

VN(R)=V0/(1+exp((R−R0)/a))                              (2)
with[1]
V0=u0(1+κ(I1+I2))×(A11/3A21/3/(A11/3＋A21/3))                        (3)

R0=r0(A11/3＋A21/3)+c                                (4)
I1=(N1−Z1)/A1 and I2=(N2−Z2)/A2 in Eq. (3) are the isospin asymmetry of projectile and target nuclei, respectively. The fitted five parameters of MWS potential are as in Table 1. 
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Fig. 1  Interaction potentials
The dotted and solid curves denote the results with SEDF approach and the MWS potential, respectively
The crossed curves denote the results of proximity potential
a——16O+92Zr; b——28Si+92Zr; c——16O+208Pb; d——48Ca+208Pb

●——SEDF; ×——Prox.; Solid line——MWS
Table 1  Parameters of the modified Woods-Saxon potential

	r0 /fm
	c/fm
	u0/MeV
	κ
	A /fm

	1.27
	－1.37
	－44.16
	－0.40
	0.75


The relation between the mean barrier height Bm of the reaction system obtained from the parameterized barrier distribution and the barrier height of MWS potential is

Bm=0.956Bws                                                   (5)

when the structure factor of the parameterized barrier distribution[2] γ =1 is taken. Here Bws is the barrier height of the MWS potential.
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Fig. 2  Fusion (capture) excitation functions

The solid and dashed curves denote the results with the MWS potential and with the SEDF approach, respectively
The squares are the experimental data
a——16O+92Zr; b——28Si+92Zr; c——16O+208Pb; d——48Ca+208Pb

a, b, c: ■——Exp., Solid line——MWS, Open line——SEDF;

d: ■——Prokhorova(2003), ◊——Pacheco(1992), Solid line——MWS, Open line——SEDF
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Error Thresholds for Quasispecies
on Single Peak Gaussian Distributed Fitness Landscapes

GU Jian-zhong, ZHUO Yi-zhong, FENG Xiao-li1
（1 School of Physical Science and Technology, Zhengzhou University, 450052 Zhengzhou, China）
Perhaps evolution can be fully explained by Darwin’s theory of selection of the fittest, which concerns in the general evolution mechanism. This famous theory states that: If genetically distinct individuals compete for limited resources, those more fitted to the environment will produce more offspring. Random mutations mix the genes, giving rise to new genetic combinations, and at every generation natural selection eliminates the less efficient ones, in order to continuously improve adaptation. There is, however, a problem: where is the equation that would allow biologists, geneticists, mathematicians and even physicists to understand how nature works? Because such an equation does not exist, different models have appeared in order to explain the origins of life and its evolution. These models can be divided into three groups. The first one concerns in the microevolution, that is, the evolution of individuals belonging to the same species or to closed ones. One example is the Eigen model for quasispecies. The second group concerns in the coevolution, where two or more species interact strongly in such a way, the survival of one species depends on the survival of the other. The third group corresponds to models for macroevolution or large scale evolution, and that deals with all species alive at the same time but with no particular interacting mechanism between them.

    The Eigen model is one of the most popular microevolution models, which was introduced in the context of a model for prebiotic evolution. In this model, the individuals are replicating macromolecules in a chemical tank. A constant flow is maintained through the tank, supplying the building blocks and removing reaction products. The fitness of a molecule depends on its monomer sequence and is the expected number of copies made from it during its stay in the tank, divided by the time it spends in the tank. With this definition, the fitness is identical to the growth rate. Point mutations occur at a constant small probability per site and per replication. Therefore, the mutation is connected with the selection (fitness), and the Eigen model is called a coupled mutation-selection scheme. This model represents a mathematical confirmation that even inanimate replicating molecules are capable of adaptation. The Crow-Kimura model is another popular microevolution model. In this model, mutation and selection are two independent processes and the Crow-Kimura model is called a parallel (or decoupled) mutation-selection scheme. It has been suggested that for the case of low mutation rates two schemes are similar to each other. The most interesting feature of the two models is the existence of an error threshold in many fitness landscapes. For sufficiently small mutation rates, one can expect the population to be centered around a peak (where it is called a quasispecies), while it is spread over genome space if the mutation rate exceeds a critical value.

Based on the Eigen and Crow-Kimura models with a single peak fitness landscape, we choose the fitness values of all sequence types to be Gaussian distributed random variables and investigate the concentration distribution and error threshold of quasispecies by performing an ensemble average. We find that a small fluctuation of the fitness landscape causes only a slight change in the concentration distribution and error threshold, which implies that the error threshold is stable against small perturbations. However, for a sizable fluctuation, quite different from the previous deterministic models, our statistical results show that the transition from quasi-species to error catastrophe is not so sharp, indicating the error threshold locates within a certain range and has a shift toward a larger value. Our results are qualitatively in agreement with the experimental data and provide a new implication for antiviral strategies.

Triaxial Shape in 126Pr Induced by Couplings Between Equatorial Orbitals

DONG Bao-guo, GUO Hong-chao
The observed signature splitting at high spin in the odd-odd isotopes 126,128,130,132Pr and its description in cranking calculations suggest that 126Pr (Z=59, N=67) is triaxially deformed at intermediate values. The triaxial shape is explained as caused by specific couplings between the orbitals. These couplings are active for N=67 but not for N=69.

Superdeformed Band Terminations in A=40 Mass Region

DONG Bao-guo, MA Hai-liang
The superdeformed or highly deformed band terminations in 38K，36Ar，32，34S and 36Cl have been studied by the configuration dependent cranked Nilsson-Strutinsky approach. Some possible superdeformed band terminations were predicted, such as the π(d5/2)(f7/2)2(ν(d5/2)(f7/2)2 configuration in 32S with deformation about ε2=0.61 and γ≈0 at spin I=0-10ħ, especially the superdeformed band terminates at I=19ħ and about ε2=0.39 (with ε2=0.50 when I≤9ħ) in 38K, and all of them are favorable for observation. The tendency of these bands in energy with spin increasing favors the band termination, so superdeformed bands terminating would be smooth. The calculated superdeformed band is in good agreement with observed one in 36Ar confirms that the calculated results are reliable.

Rotational Structures of Neutron Deficient Isotopes 125,127,129Ce

MA Hai-liang，DONG Bao-guo
The configuration-dependent cranked Nilsson-Strutinsky approach has been used to investigate rotational structures of neutron deficient isotopes 125,127,129Ce. Signature splitting and deformation of yrast bands has been discussed. Possible shape coexistence would exist in 127,129Ce. The signature splitting of yrast bands for Ce isotopes is strongly dependent on occupied orbitals because of slight triaxial deformation.

Test of Silicon Strip Detector for Heavy Ion Nuclear Reaction
ZHANG Huan-qiao, LIN Cheng-jian, YANG Feng, ZHANG Chun-lei,

ZHANG Gao-long, LIU Zu-hua, AN Guang-peng, JIA Hui-ming,

WU Zhen-dong, XU Xin-xing, BAI Chun-lin, YU Ning

Nowdays, the silicon strip detectors play an important roles in nuclear experiment. Not only the particle position signal can be supplied, but also the energy signal can be given. However, how to use the silicon strip detector in heavy ion nuclear reaction is different from the usual experiment, so it is necessary to test the silicon strip detector.

This experiment was performed at HI-13 tandem accelerator of China Institute of Atomic Energy, Beijing. A 197Au target of thickness about 200 mg/cm2 was bombarded by the collimated 16O and 32S beam, beam energies 5 MeV/u, 4.7 MeV/u, respectively.
The experiment setup is described in the Fig. 1. The Faraday cup is used to monitor the beam, and SiD1, SiD2 are the silicon strip detectors. The thickness of silicon strip detectors is 300 (m. Every silicon strip detector is divided into 24 strips.
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Fig. 1  Setup of experiment
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Fig. 2  Relation ship between peak channel and dose, energy and ions
●——32S, θLab=35°, ELab=4.7 MeV/u; ○——32S, θLab=25°, ELab=4.7 MeV/u;
▲——32O, θLab=35°, ELab=5.0 MeV/u; △——16O, θLab=25°, ELab=5.0 MeV/u

The results of the relationship between the peak channel and fluence, energy, and ions are presented in the Fig. 2. From Fig .2 it can be seen that when the detector is 25° and the fluence is about 2.0×106  mm－2, the peak channel almost does not shift. The general viewpoint that the threshold radiation damage dose is 1.5×106 mm－2 , consists with our results. When the detector is located at 35°, it is found that when the fluence is 2.7×105 mm－2和5.8×105 mm－2, the peak channel shifts to the low channel, which reflects that when the ion is unchanged, the radiation damage can be affected by the particle energy and radiation depth. The same conclusion can be obtained for the 32S.
Compared with the 16O and 32S, it is found that the ion also play a role in the radiation damage. 

In summary the property of the silicon strip detectors is stable enough for the further work. 
Two-Proton Simultaneous Emission From 29S*
LIN Cheng-jian, ZHANG Gao-long, YANG Feng, ZHANG Huan-qiao, LIU Zu-hua,

ZHANG Chun-lei, ZHOU Ping, WU Xiu-kun, XU Xin-xing, AN Guang-peng,

JIA Hui-ming, YU Ning, BAI Chun-lin, XU Hu-shan1, XIAO Guo-qing1,

ZHANG Wen-long1, GUO Zhong-yan1, SUN Zhi-yu1, HU Zheng-guo1
（1 Institute of Modern Physics, Chinese Academy of Science, Lanzhou 73000, China）
The phenomena of two-proton emission are extensively studied in recent years[1-3]. The nucleus 29S, which the last two proton locates in 2s1/2 orbit may show such exotic behavior. Our previous experiment[4] shows that the total reaction cross section of 29S+28Si has abnormal large value. It indicates that the last two proton occur a diffuse distribution in 29S. In order to investigate the phenomenon of two-proton emission, a new experiment was performed at HILF-RIBLL of Institute of Modern Physics, Lanzhou. Secondary beams of 29S with energy of 46.8 MeV/u were produced by the projectile fragmentation of an 36Ar primary beam on a Be target at 80.4 MeV/u, and were delivered to the secondary 12C target with thickness of 290 (m. Four silicon strip detectors followed by a CsI+PIN detector array were placed behind target to detect the energies and positions of the outgoing fragments. Most of the heavy fragments stopped in the last silicon detector. Coincide with the 28P and 27Si fragments, the 1p and 2p events which stopped in the CsI detectors were clearly identified. The 1p and 2p remove cross sections for 29S are (3.15(0.32)×10－28 m2 and (1.85(0.20)×10－28 m2, respectively, and 1p remove cross section for 28P is (2.13(0.22)×10－28 m2. They are in good agreement with the previous results[4]. Among the 2p coincident events, we found a strong correlation between two protons. Figure 1 shows the experimental angular correlation function and the Monte-Corle simulation for 2He cluster emission. The sum energy of two protons occurs a peak around 13 MeV, as shown in Fig. 2. More detail analyses are still in progress. At present, the primary results represent the signature of 2He cluster emission from 29S.
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Fig. 1  Two-proton angular correlation functions
■——Exp.; ●——Simulation
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Fig. 2  Sum energy spectrum of two protons
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Calculation of Interaction Potential 
Between Spherical and Deformed Nuclei*
ZHANG Gao-long, ZHANG Huan-qiao, LIU Zu-hua, ZHANG Chun-lei,

LIN Cheng-jian, YANG Feng, AN Guang-peng, JIA Hui-ming,

WU Zhen-dong, XU Xin-xing, BAI Chun-lin, YU Ning
Nuclear reactions and (-decay half-lives involving deformed nuclei are an important topic of research in nuclear physics. Recently, particular interest has been paid to the effects of nuclear deformation on the production and decay of superheavy nuclei. Because reasonable predictions of production cross section and (-decay half-life of superheavy nuclei require the knowledge of nuclear potential, the nuclear potential between the deformed interacting nuclei are essentially important in describing these reactions and decay processes. Therefore, fusion reactions between heavy nuclei with the static and dynamic deformations have re-attracted much attentions up to date. 

The double folding model is commonly used to calculate an interaction potential. The basic input into folding calculation is the nuclear densities of the colliding nuclei. If one or both have deformed density distribution, the six-dimensional integral cannot be simplified to fewer dimensions. In this case, one usually simplifies the folding model by expanding the density distribution of the deformed nuclei using a multipole expansion. This method is useful and can reduce the amount of calculation. In the multipole expansion, one usually takes three terms and neglects the others. This method is used frequently in deriving the real part of the interaction potential for deformed-deformed and spherical-deformed pairs of nuclei. In this letter, we use the mutipole expansion in deriving the interaction potential to study the deformation and orientation dependence of interaction potential and fusion cross section within the double folding model of the spherical-deformed pairs nuclei. We include both quadrupole and hexadecapole deformations and also limit ourselves to the interaction potential between deformed target and spherical projectile (see Fig.1).
In the double folding model the real part of the interaction potential can be written as
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where v is the nucleon-nucleon (NN) interaction between two nucleons. This geometry is illustrated in Fig.1. 
The deformed density has the form
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where the parameters of the radius R0, the quadrupole (2 and hexadecapole (4 deformations and diffuseness a are fixed by electron scattering experiments.
The multipole expansion of the target nuclear density distribution for an axially symmetric shape and for limiting the deformation to quadrupole and hexadecapole cases has the form
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Fig. 1  Coordinate system used in double folding model for spherical-deformed pairs
For 154Sm, R0=5.938 7 fm, (2=0.311, (4=0.087 and a=0.522 3 fm.
For the NN interaction, we used the well-known M3Y-Reid interaction. The intrinsic form factor of the multipole components has the form
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where jl(kr) is the spherical Bessel function.
The double folding potential can be obtained by the summation over different multipole components. 
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where (p(k) is the Fourier transformation of the density distribution of the spherical projectile, v(k) is the Fourier transformation of the M3Y-Reid NN interaction.
The Coulomb potential is calculated by using the double folding integral[10].
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where (i(ri) is the charge density distribution from electron scattering data.
    Using the above formula, the nuclear potential can be determined into a sum of multipole components for the spherical-deformed pairs nuclei. The results are shown in Fig. 2 for the nuclear potential of the system 32S+154Sm at orientation angle (=0( and (=90( for different hexadecapole deformations, respectively.
    We can see that the nuclear potential at (=0( is more attractive than that at (=90(. This is that there is a larger overlap at (=0( than that at (=90(. In Fig. 2 the hexadecapole parameter (4 are changed with (4=0.087, 0, －0.087 at the orientation angles (=0( and (=90(, respectively. The different values of the hexadecapole deformation give the different behaviour of the nuclear potential, which becomes more deeper (attractive) for positive hexadecapole deformation and less attractive for negative hexadecapole deformation. It is shown that the barrier heights are lowered (raised) with the increasing (decreasing) attractive nuclear potential in Fig.3 for different hexadecapole deformations. Moreover, the barrier height is much lower at (=0( than that at (=90(. At the same time, the interaction barrier height is calculated for spherical target (no deformation). We can know that the barrier height are changed distinctly with orientations and deformation of target nuclei. The dramatic dependence of the potential on orientations and deformations strongly affects the fusion cross section. From Eq. (9), we can know the positive hexadecapole deformation increases the fusion cross section for the fixed quadrupole deformation, however, the negative hexadecapole deformation has the opposite effect.
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Fig. 2  Nuclear potentials for 32S+154Sm system at orientation angles 
(=0( ((4=0.087, (4=0 and (4=－0.087) and (=90( ((4=0.087, (4=0 and (4=0.087)
●——β4=0.087, θ=90°; □——β4=0, θ=90°; ▽——β4=－0.087, θ=90°; 
○——β4=0.087, θ=0°; *——β4=0, θ=0°; △——β4=－0.087, θ=0°
Using the Wong formula, we can calculate (f((),
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where VB and RB are the height and the radial position of the barrier, ħ( is taken to be 7.0 MeV to take account for the large enhancement due to deformation. The total fusion cross section is

[image: image38.wmf]ff

1

()2

πsin()d

4

π

ssqqq

=

ò

                          (10)

[image: image39.png]V.,/MeV

125

120

115

110

105

3ZS_|_154Sm

0/°




Fig. 3  Barrier height at different orientation angle for (4=0.087, (4=0 and

(4=－0.087 and no deformation for the 32S+154Sm system, respectively
□——No deformation; ●——β4=0.087; ▽——β4=0; *——β4=－0.087
The results are shown in Fig.4 with (2=0.311 and (4=0.087 of 154Sm. It is shown that (f at (=0( is larger than that at (=90(, due to the greater decrease of the interaction barrier height at (=0(. An integrated fusion cross section is in good agreement with the experimental data, especially near the barrier. If the deformation of 154Sm is not considered, the calculated fusion cross section is much smaller than experimental data below the barrier. Thus, the deformation of colliding nuclei significantly enhances the fusion cross section below the barrier.
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Fig.4  Fusion cross section calculated at (=0( and at (=90( for (4=0.087
The integrated fusion cross section for deformation and no deformation in comparison with the experimental data
Solid line——Integrate; ○——Exp.; ●——θ=0°, β4=0.087; *——θ=90°, β4=0.087; ▽——No deformation
In summary, the nuclear potential and the total interaction potential are calculated within the double folding model of spherical-deformed nuclei. The densities of deformed nuclei use the multipole expansion method and the effective NN interaction is the M3Y-Reid interaction. The quadrupole and hexadecapole deformations are considered for the deformed nucleus 154Sm. One can calculate the interaction potential of the system 32S+154Sm at the different orientations and hexadecapole deformations. The barrier height and position strongly depend on the shape, orientations and deformations, hence have large effects on fusion cross section. An integrated fusion cross section gives a good agreement with the experimental data. The results of the present work should be meaningful in studies of heavy-ion reactions, particularly for the sub-barrier fusion process where the deformations of the nuclei play an important role.

We thank Xu Chang for discussing the problem for several times, at the same time, we also thank Professor Zhang Xinzhen for help in theoretical calculation.
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Application of Silicon Strip Detector for 29S+12C Reaction*
ZHANG Gao-long, ZHANG Huan-qiao, LIU Zu-hua, ZHANG Chun-lei,

LIN Cheng-jian, YANG Feng, AN Guang-peng, JIA Hui-ming, 

WU Zhen-dong, XU Xin-xing, BAI Chun-lin, YU Ning
At ten several years, with the foundation of radioactive ion beam (RIB) in foreign and local country, it gave the chances for the development of nuclear physics. It is a hot topic for studying nuclear structure by using nuclear reaction. At recent years, with the deep exploration of nuclear structure for halo nuclei, the measurement method of event correlation was used to study nuclear structure at several times. It must give the position distribution of product particles in the reaction. The silicon strip detector can deal with this problem and can supply quite accurate position signal[1-4].

Since two-proton radioactivity was predicted[5], one explored this topic in the experiment[6,7]. The positions of emitted two protons and fragments can be given quite accurately by using the silicon strip detector in the experiment. Now we also start to study this topic.

1  Experimental setup

The experiment was performed for studying two-proton halo nucleus 29S on RIBLL in the Institute of Modern Physics. The experimental setup is shown schematically in Fig. 1. The position signals of 29S before 12C target were given by PPAC1和PPAC2 (Parallel Plate Avalanche Counts). The momentum correlation function of two protons and the yields of emitted light particles are measured in the experiment, so the positions of products must be known detailedly in the reaction. The product particles were detected by using CsI scintillator array and four single-side silicon strip detectors (SiD1,SiD2,SiD3 and SiD4), which were made in the Institute of Microelectronics in Peking University, four silicon strip detectors use to found the trajectory of product particles. The thickness is 300 (m for every strip detectors, SiD1 and SiD2 have 14 strips, SiD3 and SiD4 have 18 strips, the width of every strip is 1.3 mm, the gap between two strips is 0.1 mm. Along the beam emitted direction, the sequential number of strips for SiD1 and SiD3 is 03-16 from above to below, it gives longitudinal (y) position signals, the sequential number of strips for SiD2 and SiD4 is respectively 01-18 and 18-01 from left to right, it gives transverse (x) position signals. So four strip detectors can give quite accurate spatial position of products, then measure the correlation of light particles-fragments and two protons.
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Fig. 1  Experimental setup
2  Experimental result and discussion
The position distribution of PPAC1 is shown in Fig. 2a. It is shown that the diffuseness is wide for RIB. The position distribution of particles, which are chosen on the center of PPAC1, on PPAC2 is shown in Fig. 2b. These particles almost cover PPAC2, it is shown that the focus of RIB is bad. So when using RIB to do the nuclear reaction, the beam position before target must be known.
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Fig. 2  Position distribution of particles on PPAC1 (a) and PPAC2 (b)
The yield of 28P in the beam is more than that of 29S in the experiment. One chooses 28P particles through 12C target to give its distribution on four strip detectors and to study position information of particles on strip detectors due to considering statistics. One chooses respectively the center of PPAC1 and left, right, above and below of PPAC2 to analyze the change of particles on four strip detectors, it is shown in Fig. 3 and Fig. 4. It is shown that the change of particle position on strip detectors is very distinct. In Fig. 3, the maximum position of SiD1 and SiD3 is basically at the center of strip detectors. In Fig. 4, the maximum position of SiD2 tend to big No., that of SiD4 tend to small No., according to the sequence of strips, it is shown that the beam through target is basically along the beam center at y (longitudinal) direction, but tend to right at x (transverse) direction, this is because the center of SiD2 and SiD4 tend to left. This is meant that the strip detectors can give quite accurate particle trajectory. One fixes to choose the center of PPAC1, when choosing left and right of PPAC2, i.e. alike beam tends to left and right, these have no effect for y direction, but have the change for x direction. In Fig. 3, the center positions of SiD1 and SiD3 have no change but are very distinct for that of SiD2 and SiD4. If the beam direction tends to left, the particle position tends to left on the strip direction, at the same time, it is the same change if the beam direction tends to right, the particle position tends to right on strip detectors; when choosing above and below of PPAC2, i.e. alike beam tends to above and below, these have no effect for x direction, but have the change for y direction. In Fig. 4, The change of the center position of SiD1 and SiD3 is very distinct, if the beam tends to below, the maximum position tends to the big No., i.e. tends to below, if the beam tends to above, the maximum positions of SiD1 and SiD3 tend to small No., i.e. tend to above. So the strip detector can quite accurately supply the change of spatial position and position information for particles. 
    In summary, the structure of two-proton halo nuclei can be studied very well by using silicon strip detector. One uses the position correlation of coincident events to know detailedly the reaction mechanism and to obtain quite accurate the yield of light particles, cross section and the momentum correlation function of two protons, then the structure of two valence protons outer core for 29S can be known clearly. It supplies a good detection method for exploring 17Ne structure in the future.

We thank the financial support from China Postdoctoral Science Foundation and RIBLL group for supplying the good beam in the Institute of Modern Physics.
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Fig. 3  Particle distribution on four silicon strip detectors
■——SiD1; ●——SiD2; ▲——SiD3; ▼——SiD4
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Fig. 4  Particle distribution on four silicon strip detectors
■——SiD1; ●——SiD2; ▲——SiD3; ▼——SiD4
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Geometry and Voltage Test of Electrostatic Separator

JIA Hui-ming, ZHANG Huan-qiao, LIN Cheng-jian, LIU Zu-hua, YANG Feng,

ZHANG Chun-lei, ZHANG Gao-long, AN Guang-peng,

WU Zhen-dong, XU Xin-xing, BAI Chun-lin, YU Ning
The electrostatic separator which can directly detect the evaporation residues consists of beam separation and particle identification. Beam separation exploits the difference in electrical rigidity η=E/q existing between ER (evaporation residues) and beam particle (q being the ion charge of the recoiling nucleus). ER identification is achieved by measuring their energy E, time of flight TOF, or by detecting their decay products (e.g. α-particle). So we can separate and identify the evaporation residues, i.e. measure the fusion cross section directly.

We have installed an equipment in the experiment hall and tested some properties. This experiment was performed at HI-13 tandem accelerator of China Institute of Atomic Energy, Beijing. A 154Sm target of thickness about 58 μg/cm2 was bombarded by the collimated 79Br, beam energy is 39.5 MeV, by measuring the angular distributions we can calibrate the absolute zero degree. In the experiment we measured the angular distributions of the elastic particles from －4 to 5 degree, by fitting the distributions we got that the absolute zero degree is the (－0.16±0.04) degree determined at the installation stage. Fig.1 shows the experimental result, the points are experimental results and the curve is the Gaussian fitting. After we calibrated the absolute zero degree we can measure the fusion cross section directly.
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Fig. 1  Angular distributions of ER
We measured the count rates of the elastic particles which can be detected by the system at 10 degree at different voltages, we got the optimal voltage when the count rate approached the maximum. As shown in Fig. 2, the optimal voltage is (14.60±0.01) kV, in which the points are the experimental results and the curve is the Gaussian fitting. Our calculating result is 14.50 kV according to Shima’s charge distributions. The experimental result agrees well with the theory.
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Fig. 2  Count rates vs. H.V.
From the above results we can say our equipment is good at the geometry and voltage. We will test the transmission efficiencies of different particles at different energies in order to measure the absolute fusion cross section.

Origin of Unexpected Isotopic Trends in Synthesis of Superheavy Nuclei*
LIU Zu-hua, BAO Jing-dong1

(1 Physics Department, Beijing Normal University, Beijing 100875, China)

Synthesis of the superheavy elements (SHE) is a topic of great interest in nuclear physics. Up to now the region of the “island of superheavy nucleus” is extended up to element Z=118 using the 48Ca-induced hot fusion reactions with actinide targets[1]. However, the superheavy nuclei synthesized nowadays are all in the proton-rich side of the “superheavy island”. In order to reach the center region of the “island of superheavy nucleus”, high intensity radioactive beams of neutron-rich isotopes should be used in the future. Therefore, the study of the dependence of the evaporation residue (ER) cross section on the isotopic composition of colliding nuclei is significantly important. Generally speaking, the formation cross section is larger for the neutron-rich heavy nuclei than the one of the proton-rich nuclei because the neutron separation energy (Sn) usually decreases as the neutron-excess of the compound nucleus increases and its survival probability sensitively depends on the Sn value. An important example in the synthesis of the element with Z=110 in cold fusion reactions is the enhancement of the cross section from 3.5 pb to 15 pb by changing the projectile from 62Ni to 64Ni. But the later experiments of 70Zn+208Pb, 209Bi showed that the SHE production of Z=112 and 113 does not profit from the higher isospin value of the 70Zn beam. Recently, Adamian et al.[2] studied the dependence of the yield of heaviest nuclei on the isotopic composition of the projectile nucleus within the di-nuclear system model. Their results show that projectiles with a larger number of neutrons are not expected to increase always the production cross section of superheavy nuclei. We have investigated the origin of these unexpected isotopic trends in synthesis of superheavy nuclei with a two-parameter Smoluchowski equation[3] for the superheavy nuclei with Z=110, 112, 114 via cold fusion reactions 58,60,62,64Ni+ 208Pb, 64,66,67,68,70Zn+208Pb, 70Zn+207Pb, 72,73,74,76Ge+208Pb and 76Ge+207Pb. By means of the detailed investigation, we find that the maximal formation cross sections of the superheavy nuclei are exponentially increase as a function of (Bf－Sn). Here, Bf is the height of fission barrier.
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Q-Value Effects on Production of Superheavy Nuclei

LIU Zu-hua, BAO Jing-dong1
（1 Physics Department, Beijing Normal University, Beijing 100875, China）

The yields of superheavy nucleus 270Hs via 4n evaporation channel of fusion reactions 26Mg+248Cm, 30Si+244Pu, 36S+238U and 48Ca+226Ra are studied using a two-parameter Smoluchowski equation. Fig. 1 shows the reduced ER cross section 
[image: image47.wmf]2

ERER

=/

π

D

ss

%

, the average values 
[image: image48.wmf]lCNnt

/

TP

GG

 and the survival probability Wsur as a function of excitation energy, respectively. For the reaction 48Ca+226Ra, the center-of-mass energy relevant to the peak position of the ER excitation function locates at well above the Coulomb barrier due to its large negative Q-value. This results in the maximum of the ER excitation function nearly at same excitation energy as the one of the survival probability Wsur.
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Fig. 1  Reduced ER cross section (dashed line), the average values (dash-dotted line) and survival probability (solid line) as a function of excitation energy for the reactions of 48Ca+226Ra and 26Mg +248Cm

On the other hand, for the reaction systems 26Mg+248Cm, 30Si+244Pu, the maxima of the ER excitation function appear at the energies near the barrier. In this energy region, the increase of the CN formation probability is relatively fast, so as to move the peak position of the ER excitation function to higher excitation energy. Because of the exponentially decrease of Wsur, any slightly increase of excitation energy above to the peak of Wsur will dramatically reduce the ER cross section. Therefore, the evaporation residual cross sections of the reactions 48Ca+226Ra and 36S+238U are obviously enhanced due to their large negative Q-values. 
Structure of High Spin States in 54Mn*
WU Xiao-guang1, ZHU Li-hua1, WEN Shu-xian1, LI Guang-sheng1, ZHANG Zhen-long1,2, MENG Rui1,2,
CUI Xing-zhu1,2, HE Chuang-ye1, WANG Zhi-min1, MA Rui-gang1, YANG Chun-xiang1
(1 China Institute of Atomic Energy; 2 College of Physics, Jilin University)

The present experiment was carried out at HI-13 tandem accelerator of the China Institute of Atomic Energy in Beijing. High spin states in 54Mn, were populated via 12C+48Ti fusion evaporation reactions at beam energy of 55-85 MeV. The target was a 48Ti foil with a thickness of 1.5 mg/cm2, backed by a lead layer of about 20 mg/cm2 to stop the recoils. Gamma-gamma coincidence experiment was performed with an array consisting of fourteen Compton suppressed HPGe-BGO spectrometers. A total of 1.9(108 coincidence events was accumulated on fixed disk in event by event mode. In the off-line analysis the event-by-event data were carefully gain-matched before they were stored into two dimensional E(-E( matrices. The (-ray coincidence relationships were established by setting gates on the photo peaks of individual transitions and background subtractions performed by Radware, GASPware and specplot.
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Fig. 1  Level scheme of 54Mn
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Fig. 2  DCO ratios of present experiment
Cascades ( transitions were determined according to the coincidence relationships and relative intensities of the (-ray in the gated spectra. 28 new ( transitions were added to the previously published level scheme. The level scheme based on the present experiment is shown in Fig.1. Information on the multipole orders of (-ray can be deduced from the (-( directional correlation of the oriented state (DCO method).The DCO ratios of the present experiment is shown in Fig. 2.



* Support by National Natural Science Foundation of China (10105015, 10175070, 10375092, 10575133, 10675171), and Major State Basic Research Development Program (G2000077405)

Magnetic Rotation in 106Ag*
HE Chuang-ye, ZHU Li-hua, WU Xiao-guang, WEN Shu-xian, LI Guang-sheng, 

 LIU Ying, WANG Zhi-min, CUI Xing-zhu1, ZHANG Zhen-long1,MEI Rui1,MA Rui-guang
(1 Department of Physics, Jilin University, Changchun 130023, China)
In recent years, several interesting phenomena have been found in A(100 mass region, such as magnetic rotation, triaxiality, shape transitions, shape coexistence, oblate bands, etc. 106Ag was selected as the object to investigate magnetic rotation bands in this work. The high-spin states of 106Ag were populated via the fusion-evaporation reaction 100Mo(11B, 5n)106Ag at a beam energy of 60 MeV. The 11B beam was delivered by the HI-13 tandem accelerator of the China Institute of Atomic Energy (CIAE). The target consisted of a 2.5 mg/cm2 layer of 100Mo enriched to 97.4% and evaporated on a 11 mg/cm2 lead backing. A total of 130×106 γ-γ coincidence events were collected in the experiment in event-by-event mode. Fig.1 shows the partial level scheme of 106Ag deduced from the present work.
Fig. 2 shows the experimental excitation energies of states in band 1in 106Ag (full squares) as a function of spin and shears angle.

Band 1 was assigned as the configuration of πg9/2(ν[h211/2(g7/2/d5/2)], and it is crossed by a 6qp-band with the configuration of πg9/2(ν[h211/2(g7/2/d5/2)3] at ħω≈0.6 MeV. The main characters of band 1 are as follows: 1) It is a ΔI=1 band; 2) The ratios of B(M1)/B(E2) are much larger than the ratios of E2 band; 3) There is no signature splitting or the signature splitting is nearly zero; 4) The angular momentum is dominated by aligned quasi-particles. The above characters account for the magnetic rotation property of band 1. Theoretical calculation of the effective interaction with TAC mode is well fitted with the experimental value. This also accounts for the shears coupling mode of band 1.
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Fig. 1  Partial level scheme of 106Ag from present experiment
Energy are in keV, new γ transitions are indicated by *
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Fig. 2  Experimental excitation energies of states in band 1in 106Ag (full squares) as a function of spin and shears angle
The solid curves are the interaction energies for the theoretical calculations


* Supported by National Natural Science Foundation of China (10175090, 10105015, 10375092, 10575133), and Major State Basic Research Development Program (TG2000077405)
Systematic of Signature Inversion in Odd-Odd Nuclei
in A≈100 Mass Region*
HE Chuang-ye, ZHU Li-hua, WU Xiao-guang, WANG Zhi-ming, LIU Ying,
WEN Shu-xian, LI Guang-sheng, YANG Chun-xiang

The well-known phenomenon of low-spin signature inversion in odd-odd nuclei has received special attention in the last decade. It is an anomalous phenomenon where the levels of favoured signature expected by the definition lie in energy higher than those of the unfavoured. The physics behind signature inversion has been extensively studied through various theoretical approach, however this important theme is still an open problem up to date.

In order to speculate the mechanism responsible for this anomalous phenomenon, the systematic of signature inversion of the πg9/2((h11/2 configuration bands in Ag, Rh and Tc isotopes is studied. From Fig.1 we can see that the inversion point shifts toward the lower spin with neutron number increasing for isotopes and shifts toward the higher spin with proton number increasing for isotones. This systematic feature of signature inversion in A～100 mass region is well explained by the competition between the p-n residual interaction and the Coriolis force.
[image: image54.png]S(H=(E()—E{U—1))/21/ (keV + ")

351 [ 104 [ [ [ 110 [ [ [ 116
12§Ag 9 AL I%Ag l?ﬁAg aAg 14172A lijAg 2Ag
25} Hinversion pointt 15 : 15 - 13 | g i i

IS il

8 16248 16248 16248 16 248 16 248 16 248 1624 8 16 24

35,

‘Rh,] "“Rh [ “Rh [ ™Rh [ '“Rh [ '“Rh | "Rh [ '“Rh
251 [ IPPUE P - I VIR ' '
15} : -\/“"?'W\/\- - - : :
8 16 248 16248 16248 16248 16 248 16 24 8 16 24 8 16 24

357 i
wTe " Te

251 - 14
15-/\/\» JVW
Sk

3 16 24 8 16 24

I/n




Fig. 1  S(I) versus I(ħ) of πg9/2(υh11/2 bands in odd-odd A～100 nuclei
●——α=0; ○——α=1


* Supported by Major State Basic Research Development Program (TG2000077405), and by National Natural Science Foundation of China (10175090, 10105015, 10375092, 10575133)

High Spin States in 112In*
LI Xue-qin, ZHU Li-hua, WU Xiao-guang, HE Chuang-ye, LIU Ying, PAN Bo, 

HAO Xin, LI Li-hua, WANG Zhi-ming, LI Guang-sheng, LI Zhong-yu1, WANG Shou-yu1,

XU Qiang2, WANG Jian-guo2, DING Huai-bo2, ZHAI Jian3
(1 Peking University; 2 Tsinghua University; 3 Jilin University)

High spin states in doubly odd nucleus have been study in A～100 mass region, there exists plenty of information of nuclear structure, for example, shape co-existence, band termination, magnetic rotations, chiral rotations and so on. In present work, the doubly odd nucleus 112In is selected as the object to investigate magnetic and chiral rotation bands.

The high-spin states of 112In were populated via the fusion-evaporation reaction 110Pd(7Li,5n)112In at a beam energy of 50 MeV. The 7Li beam was delivered by the HI-13 tandem accelerator. The target consisted of a 2.4 mg/cm2 of 110Pd enriched to (97.2±0.1)% and a 0.4 mg/cm2 of Au backing. A detector array consisting of 14 HPGe detectors was used for γ-γ coincidence measurements. Measurements concerns in the excitation functions, γ-γ coincidences, energy calibration and efficiency calibration. A total of 1.9×108 γ-γ coincidence events were collected in the experiment in event-by-event mode in about 110 h beam time. After careful energy calibration and gain matching of each detector, the γ-γ coincidence data were sorted offline into conventional Eγ-Eγ matrices.

These matrices were analyzed by using the RADWARE package based on a Linux-PC system. By analyzing the γ-γ coincidence, 11 new γ transitions were assigned to the new level scheme (Fig. 1). The negative band is pushed up from 10－ħ to 15－ħ. 
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Fig.1  Partially level scheme of 112In established in present work
Reference: 
[1]  EIBERT M, GAIGALAS A K, GREENBERG N I. J Phys G: Nucl Phys, 1976, 2: 12.



* Partially Supported by Major State Basic Research Development Program (TG2000077405), and National Natural Science Foundation of China (10175090, 10105015, 10375092, 10575092, 10575133)
Triaxial Shape in 129Ce*
LIU Ying, WU Xiao-guang, ZHU Li-hua, LI Guang-sheng, HE Chuang-ye, 
LI Xue-qin, PAN Bo, HAO Xin, LI Li-hua, WANG Zhi-min, LI Zhong-yu1, 
XU Qiang2, WANG Jian-guo2, DING Huai-bo2, ZHAI Jian3
(1 Peking University; 2 Tsinghua University; 3 Jilin University)
The experiment was carried out in the HI-13 tandem accelerator at the China Institute of Atomic Energy. The high spin states of 129Ce have been populated via heavy-ion fusion evaporation reaction 96Mo(37Cl, 1p3n)129Ce. The beam energy is 155 MeV and the target is of thickness 1.0 mg/cm2, mounted on a 19 mg/cm2 Pb backing. The (-ray from the evaporated residues were detected with an array consisting of fifteen Compton suppressed HPGe-BGO spectrometers. More than 2.46×108 (-( coincidence events were collected during 100 h beam time.
Consider of the (-( coincidence and intensity balance , we can mensurate B(M1; I(I－1)/B(E2; I(I－2) (the probability ratio of the dipole and quadrupole transition) in (7/2([523] rotational band of 129Ce and get the energy splitting ((e() through the experimental Routhians. Using expressions of the relation between signature splitting of B(M1) and energy splitting ((e() presented by Hagemann and Hamamoto, we can determined on the magnitude of ( deformation. The relations of them are shown in Fig. 1 and Fig. 2.
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Fig. 1  Signature splitting in (7/2([523] band

□——(=－1/2; △——(=+1/2

S(I)=E(I)－E(I－1)－(E(I+1)－E(I)+E(I－1)－E(I－2))/2

The two figures show that while the signature splitting are decreasing closed to zero, its energy splitting((e() are gradually equal to the signature splitting. The ( deformation became to zero from negative determined on the method given by Hagemann and Hamamoto. We propose that the signature splitting in (7/2([523] rotational band of 129Ce arises from the ( deformation.
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Fig. 2  Relation between signature splitting of B(M1) and energy splitting((e()
□——Signature splitting of B(M1): ΔB(M1; I→I－1)/<B(M1; I→I－1)>; △——Energy splitting((e(): 4(Δe(/ћ()/(1＋(Δe(/ћ()2)



* Support by National Natural Science Foundation of China (10675171, 10105015, 10175070, 10375092, 10575133), and Major State Basic Research Development Program (G2000077405)

High-Spin Study of 155Tm*
LIU Ying, LI Ming-fei1, ZHU Lihua, WU Xiao-guang, HE Chuang-ye, CUI Xing-zhu, LI Li-hua, 
WANG Zhi-min, LI Guang-sheng, WEN Shu-xian, HUO Jun-de2, YANG Chun-xiang

(1 Physics Department of Northeast Normal University, 2 Physics Department of Jilin University)

The high spin states of 155Tm have been populated via heavy-ion fusion evaporation reaction 142Nd(19F,6n) 155Tm. From the γ-γ coincidence analysis, a new level scheme of 155Tm was established. The structure of the high spin states of 155Tm and the systematic comparison with its neighboring nuclei has been discussed. 
The low-lying states of 155Tm have very similar energy spacing, which suggest that 155Tm is a transitional nucleus with a low-lying vibrational structure. The signature α= +1/2 decay sequence observed in the heavier isotopes is not observed in 155Tm. The systematic of the energy splitting between the signature partner bands in the heavier odd-Tm isotopes is shown in Fig. 1 (The energies of the 17/2－→15/2－ (solid Symbols) and 19/2－→15/2－ (open symbols) transitions in Tm). We can conclude that the level energy of 17/2¯ is higher than 19/2¯. That is the α= +1/2 decay (just as 13¯, 17¯ and 21¯) sequence in 155Tm is above the yrast line and would be weakly populated and therefore not to observe.
The systematic of the excitated energy of isotopes including 151 Tm , 153Tm, 157Tm and 159Tm  in the odd-A (Z=69) is shown in Fig. 2. Among the isomers of 155Tm, the high spin states of 153Tm exhibit single-particle structures, but the high spin states of 157Tm exhibit collective structures. It suggests that 155Tm is in the transition from single-particle to collective structures just as 156Tm. And the high spin study of 155Tm assist us in understanding the competition between single-particle and collective structures.
[image: image58.png]|\
94

96

86

700

600

500 F
4

AN /H

300 F

200




Fig. 1  Systematic of energies of 17/2－→ 15/2－ (solid ) and 19/2－→15/2－ (open) transitions in Tm isotopes
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Fig. 2  Systematic of the excitated energy of isotopes


* Support by National Natural Science Foundation of China (10175090, 10105015, 10375092), and Major State Basic Research Development Program (TG2000077405)

Dynamic Study on Entrance-Channel Effects of Symmetry and
Asymmetry Reaction System in Heavy-Ion Fusion Reactions*
LI Xue-qing, ZHANG Ying-xun, TIAN Jun-long, LI Zhu-xia, WU Xi-zheng, ZHU Li-hua

The entrance-channel effects and dynamical mechanisms on the fusion reaction of the symmetry and asymmetry reaction system are studied with the microscopic transport model, i.e. Improved Quantum Molecular Dynamic Model (ImQMD). From the microscopic dynamical point of view, the relation of the intensity in the population of the superdeformed bands of high-spin states and the entrance-channel effects is explored in the heavy-ion fusion reactions. Two different fusion-evaporation reactions are selected: 1) the symmetric system 74Ge+74Ge at Ecm=153.5 MeV; 2) the asymmetric system 48Ti+100Mo at Ecm=141 MeV. To ensure the similar excited energy of compound nucleus, firstly the mean excited energy of Gd isotopes of the mass-symmetry and the mass-asymmetry reaction system at 2 000 fm/c is calculated in the heavy-ion fusion reactions. Table 1 shows the results of the Improved Quantum Molecular Dynamic Model (ImQMD).

Table 1  Excitation energies of Gd isotopes of symmetric system 74Ge+74Ge at Ecm=153.5 MeV and

of asymmetric system 48Ti+100Mo at Ecm=141 MeV

	System
	Ecm/MeV
	Ex/ MeV

	
	
	148Gd
	147Gd
	146Gd

	74Ge+74Ge
	153.5
	74.424 819
	67.785 075
	57.610 523

	48Ti+100Mo
	141．
	77.216 209
	66.289 919
	57.573 634


Furthermore, the relative intensity of the deformed parameter β of the compound nuclei is analyzed of the mass-symmetry reaction system 74Ge+74Ge and the mass-asymmetry reaction system 48Ti+100Mo at 2 000 fm/c . Based on the Fig. 1, we can see that the relative yields reach the maximum at the same time when the deformed parameter β trends to 0.2 (the normal deformed nucleus at β(0.2 ) of the mass-symmetry and the mass-asymmetry reaction system. However, it shows the result that the lager deformation of the compound nuclei are more easily produced for the mass symmetry reaction system 74Ge+74Ge than that for the mass asymmetry reaction system 48Ti+100Mo when the deformed parameter β exceeds 0.2, which is consistent with the experimental results[1]. To consider the Coulomb barrier, the Coulomb barrier is higher for the mass symmetry reaction system 74Ge+74Ge than that for the mass asymmetry reaction system 48Ti+100Mo, it is more easily fused to the compound nucleus of the mass asymmetry reaction system. Because of the more Coulomb repulsive power of the mass symmetry reaction system, it can be produced the lager shape. The final results on the larger deformed compound nuclei are determined by this dynamical process.
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Fig. 1  Relation of relative intensity of deformed parameter β 

with relative yields of Gd isotopes of 74Ge+74Ge and 48Ti+100Mo

○——74Ge（74Ge, xn）(148－xn)Gd; ★——48Ti(100Mo, xn)(148－xn)Gd

Reference:
[1]  ZHU L H, CINAUSERO M, LUNARDI S, et al. Nucl Phys, 1998, A635: 325-345.


* Partially supported by Major State Basic Research Development Program (TG2000077405), and by National Natural Science Foundation of China (10235030, 10235020, 10375092, 10575092, 10575133)
Effect of Concentration of DNA in DNA Damage Induced by γ-ray
KONG Fu-quan, ZHAO Kui, WANG Xiao, NI Mei-nan, SUI Li, YANG Ming-jian1
(1 School of Science, Hebei University of Technology, Tianjin 300130, China)

DNA is considered to be the most important bio-macromolecule and target molecule responsible for all biological effects. Many kinds of damage can be induced by radiation, such as base damage, single strand break (SSB), double strand break (DSB) and crosslink of DNA and protein. In irradiation, the concentration of DNA may be an important parameter influencing DNA damage.

The plasmid DNA pUC19 purchased from TaKaRa Biotechnology (Dalian) C., Ltd. is irradiated with 60Co γ-ray with a dose of 630 Gy and dose rate 12.6 Gy/min at different concentrations of 500, 250, 100 and 50 mg/L. The samples are laid on ice in course of irradiation. After irradiation, the DNA samples are analyzed by electrophoresis through 1% agarose gels at 4 V/cm for 90 min followed by Alpha Innotech system.

In Fig. 1, lane 1 and 6 are controls. Two forms of DNA, i.e. supercoiled (SC) and open circular (OC) forms are observed in controls. Lane 2, 3, 4 and 5 are DNA samples irradiated by γ-ray at concentrations of 500, 250, 100 and 50 mg/L. Fig. 1 shows that that the fraction of linear fragment increases and the fraction of supercoiled form DNA decreases with the decreasing concentration. The transformation of open circular form has a little fluctuation because some open circular form turns to linear fragment, some supercoiled form becomes open circular at the same time. It indicates that DNA damage becomes more severe with the decreasing concentration.
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Fig.1  DNA damage induced by γ-ray at different concentrations with a dose of 630 Gy



* Supported by National Natural Science Foundation of China (10175095, 10435020), and President Foundation of China Institute of Atomic Energy (12SZZ-200602)
Effect of Dose Rate in DNA Damage Induced by γ-ray

KONG Fu-quan, ZHAO Kui, WANG Xiao, NI Mei-nan, SUI Li, YANG Ming-jian1
(1 School of Science, Hebei University of Technology, Tianjin 300130, China)

DNA is considered to be the most important bio-macromolecule and target molecule responsible for all biological effects. Many kinds of damage can be induced by radiation, such as base damage, single strand break (SSB), double strand break (DSB) and crosslink of DNA and protein. In irradiation, dose rate is also an important parameter influencing DNA damage.

The plasmid DNA pUC19 purchased from TaKaRa Biotechnology (Dalian) Co., Ltd. is irradiated with 60Co γ-ray with the doses of 630 Gy and 873 Gy at a concentration of 100 mg/L. The samples are laid on ice in course of irradiation at the dose rates are 6.3, 12.6 and 31.5 Gy/min. After irradiation, the DNA samples are analyzed by electrophoresis through 1% agarose gels at 4 V/ cm for 90 min followed by Alpha Innotech system.

In Fig. 1, lane 1 and 8 are controls. Two forms of DNA, i.e. supercoiled (SC) and open circular (OC) forms are observed in controls. Lane 2, 3 and 4 are DNA samples irradiated with a dose of 630 Gy at dose rates of 6.3, 12.6 and 31.5 Gy/min. Lane 5, 6 and 7 are the DNA samples irradiated with 873 Gy at dose rates of 6.3n, 12.6 and 31.5 Gy/min. It is shown in Fig. 1 that DNA forms change lightly with the increasing dose rate at a dose of 630 Gy. The change of DNA forms is little at a dose of 873 Gy with the increasing dose rate. So there is not dose rate effect in the DNA damage induced by γ-ray if the error is taken into account, which is different from the effect induced by heavy ions. It may be that the mechanism of reaction to water between γ-ray and heavy ions is different.
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Fig. 1  DNA damage induced by γ-ray at different dose rates with doses of 630 Gy and 873 Gy



* Supported by National Natural Science Foundation of China (10175095, 10435020), and President Foundation of China Institute of Atomic Energy (12SZZ-200602)
Improvement on Microscope Stabilization of Micro-beam Facility

CHEN Quan

Micro-beam facility is the most precise termina1 in Beijing Tandem Accelerator National Laboratory (BTANL). The microscope is the key instrument for orientation. But it is not very stable. Firstly, there were swaggering when doing the microscope focusing on target. It causes the CCD image sway. A 0.05° swaggering may cause about 10 µm image left or right displacement, depending on platform moving direction. Secondly, it was easily affected by the environment vibration, from mechanical vacuum pumps, air compressors in the lab. The CCD image vibrated, strongly related with other terminal situations in the lab. The microscope platform is so weak that it is easy resonance with other pumps nearby. The platforms, loading the microscope are the one for general use. Its structure is good only for one or two dimension movement and light load. 

To improve, we select the heavy platforms for x and y directions. The new platform has a 120 mm width table compare to the 90 mm before and rectangles track that fixed on the base. This kind platform is very stable and better to build a 3-D structure. The position of center of weight of whole microscope system is careful considered. It is always in the middle of the base platform. A 0.625 µm /step platform is adopted for z axis focus，which is less than the microscope focal depth 0.9 µm.

After that, we made a series measurements. First, the new set of platform is very stable and moves smoothly. In the entire focus process of the microscope, we did not found any image swaggering. It may be less than 0.1 µm, so it could not been seen by eyes. 

The next improvement is the resonance character with the environmental vibration. In the normal condition that tandem and all of the pumps nearby our facility are working, we found only a slightly image shake to be about 0.1 µm. This corresponds to the situation before that only the micro-beam facility is working alone in the lab. It could be tolerated comparing to the 2.3 µm×3.5 µm micro-beam size.

The focus character is better than before. We can get a clear picture of the object.
Neutron Leakage Spectra of 9Be

RUAN Xi-chao, XIN Biao, BAO Jie, CHEN Lin

Neutron leakage spectrum measurement of bulk sample is a benchmark experiment of evaluated nuclear data test. As an item of integral experiment, research of neutron leakage spectrum for 9Be was performed. Neutron leakage spectrum of 9Be blanket sample was measured at 90° by time-of-flight method, with T(d, n)α reaction through 600 kV pulse neutron generator in CIAE. Some difficulties in experiment have been overcome, and the preliminary result has been obtained. The measured data were analyzed by detailed Monte-Carlo simulation. The simulated results based on ENDF/B-VI, CENDL-3 and JENDL3.3 libraries were compared with the measured ones. Through these studies, the essential conditions and methods for benchmark experiment have been established. Figure 1 shows the neutron leakage spectra.
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Fig. 1  Neutron leakage spectra of experiment result and simulation results

■——Exp.；□——ENDF/B6；●——CENDLE3；×——JENDL3.3

Measurement Cross Section of D(d, γ)4He Reaction

HOU Long, HUANG Zheng-de, SU Xiao-bin, WANG Zhao-hui, BAO Jie

The study of D(d, γ)4He radioactive capture reactions at low energy is very important in the fusion diagnose[1], but it is hard to measure for small yield and serious background. In the present work, several measures were adapted. 1) A big NaI plastic anti Compton spectrometer for low yield of high energy γ-ray was used; 2) The method of the time of flight was employed for rejecting background neutrons and cosmic rays; 3) The efficiency of detector was determined by experiment and Monte-Carlo 4Code(MCNP4C); 4) The background was subtracted by our new fitting method.

The cross section of thin D2 target was measured at Ed=100 keV, σdd=(1.13±0.34) nb, the branching ratio of D(d, γ)4He and D(d, p)T Γγ/Γp=(1.441±0.434)×10－7. It was the first time that this kind of experiment with thin target was finished.

Reference:

[1] NELSON J, et al. Phys Rev, 1984, C29: 2 031.
X-rays Production by 15-55 MeV Carbon Ions Striking Metal Surfaces

TIAN Ye, YANG Hao-zhi, CHANG Hong-wei, DU Shu-bin, YANG Zhi-hu1
(1 Institute of Modern Physics, Academia Sinica, Lanzhou )

Interest in ion-atom collisions has resulted in major advances both theoretically and experimentally. This information is important in the development of astrophysics, heavy ion physics, controlled thermonuclear fusion, material science, particle accelerators, laser technology, and so on.

The experiment was performed with the HI-13 tandem accelerator in CIAE. The targets of this experiment are 47.5 mg/cm2 thick Cu, 9.87 mg/cm2 thick Au, 15.7 mg/cm2 thick Nb, 105.2 mg/cm2 thick Mo, 66 mg/cm2 thick Cd, 38.9 mg/cm2 thick Fe, 31.3 mg/cm2 thick Ni and 165.5 mg/cm2 thick Ta. The oxygen beam having energies 15-55 MeV with charge states 5+ were incident on the targets positioned at 45° to the beam direction in a scattering chamber. A low-energy HPGe detector was placed outside the target chamber with Beryllium window in the side port at 90° to the beam direction. The experimental arrangement can be seen in Fig. 1.
The data have been analyzed primarily. The X-ray spectrum of Ta bombarded by 25 MeV C4+ ion can be seen in Fig. 2. Generally, with the increasing of the energy and the atomic number of the target atoms, the measured X-ray production cross sections changes. The more specific results will be got when the data are analyzed further.
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Fig. 1  Experimental arrangement use of present measurements of X-ray production cross sections
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Fig. 2  X-ray spectrum of Ta bombarded by 25 MeV C4+ ion
L X-ray Production in Au, Nb, Cd,Fe and Taby 20-45 MeV Oxygen Ions 

TIAN Ye, YANG Hao-zhi, CHANG Hong-wei, DU Shu-bin, YANG Zhi-hu1
(1 Institute of Modern Physics, Academia Sinica, Lanzhou)

L X-ray production cross sections have been measured for solid targets of Au, Nb, Cd, Fe and Ta for 20-45 MeV O5+ ions. In heavy-ion-atom collisions, an inner shell vacancy is produced due to the direct ionization (DI) as well as from the electron capture (EC) by an ionic projectile. The experiment was performed with the HI-13 model tandem accelerator in CIAE. The carbon beam having energies 20-45MeV with charge states 4+, were incident on the targets positioned at 45° to the beam direction in a scattering chamber. A low-energy Si(Li) detector was placed outside the target chamber with Beryllium window in the side port at 90° to the beam direction. The experimental arrangement can be seen in Fig. 1.
The detectors’ absolute efficiency were determined by using standard X-ray and alpha particle source (241Am, 55Fe). Periodically, the energy calibration of the X-ray spectrometer was checked with radioactive sources. 

The data have been analyzed primarily. Generally, with the increasing of the energy and the atomic number of the targets atoms, the measured X-ray production cross sections changes. The more specific results will be got when the data are analyzed further.
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Fig. 1  Experimental arrangement use of present measurements of X-ray production cross sections
Direct Photon Production in PACIAE Model at RHIC Energy
LI Xiao-mei, LI Shou-ping, HU Shou-yang, ZHOU Dai-mei1,

TAN Zhi-guang1, ZHOU Feng, SA Ben-hao
(1 Institute of Particle Physic Huazhong Normal University, Wuhan 430079, China)
The direct photon is a good electromagnetic probe for earlier dynamics and QGP formation in relativistic heavy-ion collisions, because the direct photon is produced mainly in the earlier stage of collision and it suffers very weak interaction later on. Therefore, it plays a special role in the judgment of whether the high pT suppression is an initial or final state effect. Because of the extremely strong decay photon contamination it is very hard to identify the direct photon signal. We use a parton and hadron cascade model, PACIAE, to investigate the direct photon production in p＋p and the 0%-10% most center Au + Au collisions at 
[image: image67.wmf]NN
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=200 GeV in contact with the PHENIX data.
We compared the experimental direct photon invariant cross section in p＋p collisions at 
[image: image68.wmf]NN

s

=200 GeV to the theoretical results. In the theoretical calculation for p＋p collision there is only prompt direct photon as the thermal direct photon in string (or parton) fragmentation is not included in PYTHIA. The total cross section of prompt direct photon (0.000 722 0 mb) in ||≤0.35 is estimated by the prompt direct photon event cross section (0.007 772 mb) in PYTHIA and the prompt direct photon multiplicity (1 and 0.092 9) in full and partial  space. Both results from PACIAE and PYTHIA models are able to compare with data within error bar. The experimental ° invariant differential cross section in p+p collisions at 
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=200 GeV is compared to the theoretical results. Here the total cross section of ° in ||≤0.35 is assumed to be 14 mb. It shows that the ° differential pT distribution from both the PACIAE and PYTHIA models is consistent with PHENIX data. However, we are wandering that the assumed total cross section of ° might be too large.

The PACIAE model explains nicely the PHENIX data of direct photon pT distribution in Au＋Au collisions. However, the PHENIX data of ° pT distribution in Au＋Au collisions are better explained by the PACIAE model with hadron cascade only, that has to be studied further. 


* Supported by NSFC (10545003, 10475032)

Production of 13N Secondary Beam*
ZENG Sheng, LI Zhi-hong, LIAN Gang, WANG You-bao, SU Jun, YAN Sheng-quan,
WANG Bao-xiang, GUO Bing, BAI Xi-xiang, LIU Wei-ping

Explosive hydrogen burning occurs in very massive (M≥105-108M⊙) star with high temperature and density. Hot pp chain, hot CNO, hot NeNa-MgAl chain and the flowing rp αp process will play a prominent role in hydrogen burning as the temperature goes higher[1]. When the temperature of the star is higher than 108 K, high temperature CNO chain is dominant in hydrogen burning[2], with the temperature goes higher to 5×108 K, CNO chain will transfer to NeNa-MgAl chain. 13N(p,)14O, 17F(p,)18Ne, 18F(p, )15O and 18F(p, )19Ne are important reactions of high temperature CNO chain and the high temperature CNO leak. 13N(p, )14O is the first one of the important reactions which involve radioactive nuclei. The cross section of the 13N(p, )14O reaction is very important of astrophysical interest[3, 4]. 

The experiment was carried out using the secondary beam facility[5] of HI-13 tandem accelerator. A 84 MeV 12C primary beam impinged on a D2 gas cell at a pressure of 1.6 atm, produced 13N secondary beam through the 2H(12C, 13N)n reaction in inverse kinematics. The front and rear windows of the gas cell are Havar foils, each with a thickness of 1.9 mg/cm2. The 13N ions were separated from other series by a dipole magnet. The magnetic rigidity of ion can be expressed as:
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where B(, q, M and Ek denote the magnetic rigidity, charge state, mass and kinetic energy of ion, respectively. The strength of the magnetic field was set to match the magnetic rigidity of 13N7+. The other ions can be effectively separated since their energies are observably higher than those matching the magnetic rigidity of 13N7+, however, their low energy tails can match the magnetic rigidity.

To enhance the purity of the secondary beam, a Wien filter had been installed on the downstream of the beam line. The force of the ion with the velocity of 
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 from the electric E and magnetic B fields in the Wien filter is given by
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where β=v/c, c is the velocity of light. Two apertures with the diameter of 3 mm and 5 mm had been set up in front of the secondary charge. The strength of the electric and magnetic fields were set to match the velocity of the 13N7+. The deflected distance of the impurity before secondary charge are far bigger than the diameter of the apertures, thus the Wien filter can effectively enhance the purity of the 10C beam. The secondary beam was detected and identified with a (E-E counter telescope consisting of a 21.7 (m thick silicon (E and a 300 (m thick silicon E detector.

The two dimension spectrum of (E-Et is shown in Fig. 1. The purity of the collimated 13N beam was about 91% after the magnetic and velocity selection, the beam energy was (70.2±0.7) MeV. The intensity of the 13N secondary beam is 500 s－1, when the 12C primary beam wan 50 pnA, It can meet the requirements of nuclear reaction experiment.
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Fig. 1  Scatter plot of (E vs. Et 
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* Supported by National Natural Science Foundation (10575136)
Feasibility Analysis of 13N+p Elastic Resonance Scattering*
WANG You-bao, WANG Bao-xiang, BAI Xi-xiang, GUO Bing, LI Zhi-hong,
LIAN Gang, LIU Wei-ping, SU Jun, ZENG Sheng

13N(p, 14O is one of the key reactions involved in the hot CNO cycle that takes place in the evolution of massive stars[1]. Its reaction rates are dominated by a 1－ broad resonance state which lies at 5.17 MeV in 14O. However, there are several low-lying levels above the 13N+p threshold which might be of relevance to the reaction rates and of importance to the nuclear structure of 14O. The properties of these levels are not well known, in particular, there is a O－ level missing when comparing with the mirror nucleus 14C[2]. These incomplete information can be complemented by a study of 13N+p elastic resonance scattering.
The experimental setup is modified to fulfil the measurement based on a recent experiment of 17F＋p elastic resonance scattering[3]. Improvements are achieved especially on the intensity of 13N secondary beam. These are listed in the following:
1) A thin ORTEC silicon detector of 13.2 m thickness is prepared to replace the TOF system[4], it will be used to record and identify the components of 13N secondary beam upstream of the (CH2)n reaction target.

2) The (E-E counter telescope of DSSSD (Double Sided Silicon Strip Detector) and SSD (Single Sided Detector) for protons is placed at 15( of laboratory geometry in stead of 0(. This is to avoid the direct bombardment of DSSSD by leaking secondary beam from the thick (CH2)n reaction target. 

3) The 13N beam is re-tuned with an enlarged collimator of (5 mm, intensity of more than 4 000 s－1 is achevied without deterioration of purity (about 80%).
Taking these measures into account, the yields of 13N＋p elastic resonance scattering is computed by using a R-matrix code of MULTI, the output is shown in Fig. 1. 
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Fig. 1  Computed yields of 13N+p elastic resonance scattering
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Astrophysical 13N(p, )14O Reaction Rate
LI Zhi-hong, GUO Bing, YAN Sheng-quan, LIAN Gang, BAI Xi-xiang, 
WANG You-bao, ZENG Sheng, SU Jun, WANG Bao-xiang, LIU Wei-ping, 
SHU Neng-chuan, CHEN Yong-shou, CHANG Hong-wei, JIANG Li-yang
13N(p, )14O is is one of the key reactions in the hot CNO cycle which occurs at stellar temperatures around T9≤0.1. At the energies of astrophysical interest, the 13N(p, ) 14O reaction is dominated by the low energy tail of the s-wave capture on the broad 1－ resonance at Er = 527.9 keV (which has a total width of (37.3±0.9) keV). A considerable effort has been expended in recent years to determine the parameters for the resonance. These include the direct measurements using the radioactive 13N beam, particle transfer reactions, and coulomb dissociation of high-energy 14O beams in the field of a heavy nucleus. The direct capture contribution is significantly smaller than the contribution due to the tail of the resonance within the Gamow window. But since both resonant and non-resonant captures proceed via s-waves and then decay by E1 transitions, there is interference between the two components. Thus the capture reaction within the Gamow window can be enhanced through constructive interference or reduced through destructive interference. The non-resonant component of the cross section has been calculated by several groups, either separately or as part of the calculation of the total cross section. Since there are significant differences among the various calculations, the determination of the 13N(p, )14O direct capture component through an independent approach is greatly needed. A practicable method is to extract the direct capture cross section of the 13N(p, )14O reaction using the direct capture model and the spectroscopic factor (or ANC), which can be deduced from the angular distribution of one proton transfer reaction. Decrock et al. extracted the spectroscopic factor for 14O→13N＋p from the 13N(d, n)14O cross section. Tang et al. derived the ANC for 14O→13N＋p from the 14N(13N, 14O)13C angular distribution. The S-factors for the direct capture of the 13N(p, )14O reaction from these two works differ from each other by a factor of 30%. Thus, further measurement is important for the determination of the spectroscopic factor (or ANC) for 14O→13N＋p and the astrophysical S-factor of the 13N(p, )14O reaction.
In present work, the angular distribution of the 13N(d, n)14O reaction at Ecm=8.9 MeV, which is shown in Fig. 1, has been measured in inverse kinematics, for the first time. Based on the distorted wave Born approximation (DWBA) analysis, the nuclear asymptotic normalization coefficient (ANC) for the ground state of 14O→13N＋p is derived to be (5.42±0.48) fm－1/2. The 13N(p, )14O reaction is analyzed with the R-matrix approach, its astrophysical S-factors and reaction rates at energies of astrophysical relevance are then determined with the ANC, as shown in Fig. 2. The reaction network calculations have been performed with the updated 13N(p, )14O reaction rates, the result shows that 5% additional energy could be generated through the CNO and hot CNO cycles at the typical densities and temperature range from 0.07 to 0.15 GK for the novae, this may affect the evaluation of novae.
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Fig. 1  Angular distribution of the 13N(d, n)14O reaction at Ecm=8.9 MeV
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Fig. 2  Astrophysical S-factors as a function of Ecm 13N(p, )14O reaction

Calculation and Evaluation 
of Neutron-Induced Reactions on 58Ni Below 150 MeV
HUANG Xiao-long 

Based on the experimental data of total, nonelastic, elastic cross section and elastic scattering angular distributions for n＋58Ni reactions, a set of neutron optical model potential parameters is obtained in the region of incident neutron energy from 0.8-150 MeV. Then the reaction cross sections, angular distributions, energy spectra, gamma-ray production cross sections, gamma-ray production energy spectra, are calculated and evaluated by optical model, distorted wave Born approximation theory, Hauser-Feshbach theory, exciton model and cascade mechanism inside nuclear. The results are compared with existing experimental data and other evaluated data from ENBF/B-6 and in agreement with each other within the uncertainties of these evaluation and measurements. Finally the covariances for the important neutron cross sections are estimated using SPC code based on the experimental data available.
Calculation and Evaluation
of Neutron-Induced Reactions on 60Ni Below 150 MeV
HUANG Xiao-long 

Based on the experimental data of total, nonelastic, elastic cross section and elastic scattering angular distributions for n＋60Ni reactions, a set of neutron optical model potential parameters is obtained in the region of incident neutron energy from 0.456-150 MeV. The reaction cross sections, angular distributions, energy spectra, gamma-ray production cross sections, gamma-ray production energy spectra, are calculated and evaluated by optical model, distorted wave Born approximation theory, Hauser-Feshbach theory, exciton model and cascade mechanism inside nucleus. The theoretical model code UNF and MEND are used in the neutron incident energies below 20 MeV and 20 MeV(En≤150 MeV, respectively. The results are compared with existing experimental data and other evaluated data from ENBF/B-6 and JENDL-3 and in agreement with each other within the uncertainties of these evaluation and measurements. Finally the covariances for the important neutron cross sections are estimated using SPC code based on the available experimental data.
Evaluation of Excitation Function for 45Sc

CHEN Guo-chang, YU Bao-sheng 

Present work contains the evaluated neutron induced excitation function data for 45Sc, and mainly on (n, 2n) and (n, ) reaction channels. The related experimental data were collected, analyzed and corrected for 45Sc(n, ), (n, 2n) and other reaction channels. The evaluated excitation functions were based on nuclear reaction model code system EMPIRE-Ⅱ, the experimental data and the original evaluation data.

The multi-step direct, multi-step compound, directly inelastic scattering (using coupled-channel method) and other reaction processes were taken into account in model calculation. All level density parameters, pairing corrections and optical model parameters for neutron were adopted from Reference Input Parameter LibraryⅡ (RIPL-Ⅱ). The recommended data of (n, 2n) reaction were obtained by fitting experimental data. For (n, ) reaction, the cross sections were obtained by reconstructing the resolved resonance parameters of JENDL-3.3 below 100 keV, fitting the experimental data up to 1 MeV and theoretical calculating using EMPIRE-Ⅱ code up to 20 MeV. The reaction data were obtained according to experimental data for (n, p), (n, ), (n, n), (n, T) and (n, 3He) etc. Present results were compared with original evaluation data, other nuclear data evaluation libraries (ENDF/B-Ⅵ, JENDL-3.3, the European Activation File (EAF-2001) etc.), and fitted well with experimental data.

Evaluation of Excitation Function for 181Ta
CHEN Guo-chang, YU Bao-sheng 
Present work contains the evaluated neutron induced excitation function data for 181Ta, and mainly on (n, ) reaction channel. The related experimental data were collected, analyzed and corrected for 181Ta (n, ) reactions, and other reaction channels. The evaluated excitation functions were based on nuclear reaction model code system EMPIRE-Ⅱ, the experimental data and the original evaluation data.

The multi-step direct, multi-step compound, directly inelastic scattering (using coupled-channel method) and other reaction processes were taken into account in model calculation. All level density parameters, pairing corrections and optical model parameters for neutron were adopted from Reference Input Parameter Library Ⅱ (RIPL-Ⅱ). The 181Ta(n, ) recommended data were obtained by fitting the experimental data below 6 MeV and adopting the calculation results of EMPIRE-Ⅱ up to 20 MeV. The recommended data of (n, 2n), (n, 3n), (n, ) and (n, p) reactions were obtained by fitting experimental data. On the other hand, the EMPIRE-Ⅱ calculation results were adopted for (n, n’), and CENDL-2.1 evaluation data were adopted for (n, n’p) and (n, t) reactions. Present results were compared with original evaluation data, other nuclear data evaluation libraries (ENDF/B-Ⅵ, JENDL-3.3, the European Activation File (EAF-2001) etc.), and fitted well with experimental data.

Exciton Dependent Pre-formation Probability of Composite Particle
ZHANG Jing-shang, WANG Ji-min, DUAN Jun-feng

In Iwamoto-Harada model the whole phase space is full of fermions. When the momentum distributions of the exciton states are taken into account, the pre-formation probability of light composite particles could be improved, and the exciton state dependent pre-formation probability has been proposed. The calculated results indicate that the consideration of the momentum distribution enhances the pre-formation probability of [1, m] configuration, and suppresses that of [l>1, m] configurations seriously. In a configuration [l, m], the more the particle number l the smaller the suppression factor. So that the [1, m] is the dominant configuration, while the configuration [l>1, m] could be neglected at low energy reactions. In the statistical model UNF code, only the configuration of [1, m] is taken into account for the pre-equilibrium emission process, it is reasonable physically.

On the other hand, for the composite particles, like 3He, t, even 5He the similar physical picture should be obtained with this method. In general, when the momentum distribution is added in the Iwamoto-Harada model, the pre-formation probabilities of light composite particles could be improved.

In middle energy nuclear reactions, once the configurations of [l>1,m] are needed to describe the pre-equilibrium emissions, the correction by the momentum distribution is required to be performed accordingly.

Upgrading of the Neutron Powder Diffractometer

HE Lin-feng, ZHANG Bai-sheng, LI Tian-fu, 
TIAN Geng-fang, ZU Yong, HAN Wen-ze, LIU Rong-deng

The neutron powder diffractometer at Heavy Water Research Reactor (HWRR) in China Institute of Atomic Energy (CIAE) is applied to study crystal and magnetic structures by using powder diffraction. Its key components are collimator system, the crystal monochromator, the sample table, the neutron detector, and the associated electronic system. The quality of the instrument depends on the resolution and the intensity which are constrained to each other.

The work mainly remolds the neutron powder diffractometer to improve its resolution and intensity. During the work the original 3He proportional counters have been raised from 4 to 10, and the divergence angle of the third collimators has been changed from 20° to 15°. The new shielding container has also been used to reduce the background of the surrounding neutrons. At the same time, the signal pre-amplifiers, amplifiers and discriminators have been integrated to upgrade the electronics system, and the data acquisition software has been promoted to enhance its function.
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Fig. 1  FWHM vs. divergence angle
Solid line——upgrading after；Dotted line——upgrading before
The test result, got from the refining analysis of the α-Fe power by Rietveld Profile refining analysis after upgrading, shows that the FWHM of the neutron powder diffractometer has obviously been improved(Fig. 1), the gain factor of 1.4 has been obtained in intensity, and the signal-to-noise has enhanced by the factor of 1.33.
First Experiment of Measuring the Strains of Metallic Materials by Neutron Diffraction in China

HAN Song-bai, LI Jun-hong, LI Ji-zhou, GAO Jian-bo, CHEN Dong-feng, LIU Yun-tao 

The presence of residual stresses in engineering components can significantly affect their load carrying capacity, resistance to fracture and corruption, dimension stability, operation life, etc. The measurement of residual stress has played an important role in various fields, such as machine manufacturing, irrigation works, aviation, war industry, nuclear industry, petrochemical industry, transportation and so on. Analysis of the residual stress is extremely required during the process of developing new materials and fabricating new components. 

The large penetration depth of neutron makes it a powerful tool in determining the magnitude and distribution of the residual stress non-destructively. At present, there are many neutron residual stress diffractometers (NRSD) installed at most of the important neutron scattering laboratories in the world. The first NRSD in China has been designed and will be installed at the newly-built Chinese Advanced Research Reactor (CARR) in China Institute of Atomic Energy (CIAE). This diffractometer will be applied to the fundamental science of material and industries. An experiment has been done at the 2-axes neutron powder diffractometer at HWRR to study the method and principle of measuring strains and stresses. 

In a stressed specimen, lattice spacing is altered and a shift in each Bragg peak position occurs and the elastic strains then are given by 

                              ε=Δd/d =–Δθ×ctg θ                             （1）

A tensile test rig controlled by the computer was mounted at the sample table of the diffractometer and the pull stresses were exerted to the high-intensity steel slice and ordinary Al slice, and then the diffract grams corresponding to different stresses were recorded respectively. After the positions of the Bragg peaks in patterns were obtained through Gaussian-Lorentzian curve fitting by using the Peakfit program, the changes of the angular position of the Bragg reflection are known and the horizontal strains were calculated by format (1). The results show that the strain magnitude for high-intensity steel is about 10－4, but that of Al is 10－3. Obviously, the steel has better intensity.

This experiment gives us a good opportunity to study the measuring principle and calculating methods of strains and stresses, intuitively. Also, it gives us more guidance for constructing the new instrument and developing data processing software.      
Structure, Hygroscopic Property and Negative Thermal Expansion of Y2-xSmxW3O12(x=0.0-0.4) Solid Solutions

YU Zhou-xiang, CHEN Dong-feng, XIAO Hong-wen, LIU Yun-tao, SUN Kai, LI Ji-zhou

1  Experiment

Room temperature X-ray diffraction data were collected on MSAL-XD2 using Cu-K ( radiation at the Laboratory of Inorganic Materials of Graduate University of the Chinese Academy of Sciences. 

The thermo gravimetric(TG) curves were recorded in air during heating from room temperature to over 200 ℃ on TA Du Pont 1090B TGA 951 at National Laboratory of Rare Earth Material Chemistry and Application of Peking University. The heating rate was 5 ℃/min.

High-temperature X-ray diffraction data were collected on PANalytical X’ Pert PRO MPD using Cu-K α radiation at Beijing Normal University.  
2  Room temperature crystal structure

A novel class of solid solutions of Y2-xSmxW3O12(x=0.0-0.4) were synthesized by calcining at 
1 050 ℃ for 24 h. Powder X-ray diffraction was carried out to determine the crystallographic structure at ambient temperature. Reitveld refinements of XRD patterns were conducted using Fullprof Program. All samples crystallize in orthorhombic with a space group Pnca. No apparent peaks due to impurities were found in XRD patterns. The lattice parameters a, b, c and the unit-cell volume V increase monotonically with increasing Sm content because ionic radius of the Sm3＋ (0.96 Å) is larger than that of Y3＋ (0.89 Å). 

The pure phase of Sm2W3O12 was also synthesized by calcining at 850 ℃ for 12 h and its structure was investigated by powder X-ray diffraction. The XRD pattern can be quite well indexed in the monoclinic system with space group C2/c. The cell parameters (a=7.706 3(1) Å, b=11.505 7(2) Å, c=11.457 6(2) Å, β=109.627(3)˚, V=956.87(3) Å3) are comparable to the values reported in the literature(a=7.71 Å, b=11.48 Å, c=11.46 Å, β=109.65˚, V=955.26 Å3) [1]. Its unit cell has a lot of polyhedra sharing edges and this will not help to show any negative thermal expansion, thus Sm2W3O12 presumably shows positive thermal expansion, like La2W3O12 and Nd2W3O12 .  

3  TG analysis

Since the compounds of Y2-xSmxW3O12 (x=0.0-0.4) hydrate at room temperature, thermogravimetric analysis was carried out. TG curves of the hydrated orthorhombic tungstate Y2-xSmxW3O12 (x=0.1, 0.3) are shown in Fig.1. The hydrated tungstate Y1.7Sm0.3W3O12 loses the water of hydration completely in the temperature range 45-95 ℃, while Y1.9Sm0.1W3O12 loses most water of hydration in the temperature range 45-80 ℃ and presents a little weight loss thereafter. The number of water molecules per formula unit calculated from the TG analysis shows that Y1.9Sm0.1W3O12 stores 2.32 water molecules and Y1.7Sm0.3W3O12 stores 2.09 water molecules. It seems that the compound of this series with more Sm content shows less water content. 
4  High temperature X-ray diffraction
High-temperature X-ray diffraction data were collected for Y2-xSmxW3O12 (x=0.1, 0.3, 0.4) at 200, 400, and 600 ℃. There is no phase transition in this temperature range. Structural refinements were performed by using Fullprof Program and the refined patterns fit well with the observed data. The lattice parameters of Y2－xSmxW3O12 (x=0.1, 0.3, 0.4) show strong negative thermal expansion along all three axes (a, b and c). This leads to a strong contraction in the cell volume as a function of temperature. The average thermal expansion coefficients are listed in Table 1. Lattice parameters and total cell volume become less obviously in negative thermal expansion with increasing Sm content.
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Fig. 1  TG studies of Y2－xSmxW3O12 (x=0.1, 0.3) stored in ambient
Table 1  Thermal expansion coefficients of Y2-xSmxW3O12 (=0.1, 0.3, 0.4) for temperature range of 200 to 600 ℃
	Sample
	106αa/℃
	106αb/℃
	106αc/℃
	106αv/℃
	106αl/℃

	Y1.9Sm0.1W3O12
	－9.549
	－3.128
	－7.305
	－19.933
	－6.644

	Y1.7Sm0.3W3O12
	－8.871
	－2.903
	－7.179
	－18.906
	－6.302

	Y1.6Sm0.4W3O12
	－9.318
	－2.297
	－7.06
	－18.633
	－6.211


Reference:
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Annual Report on Neutron Guide Project and Project Interface

LIANG Feng, WANG Hong-li, ZHANG Li, YANG Tong-hua, LIU Yun-tao

After the negotiation with MIRROTRON Ltd, a company in Hungary, we signed the production and installation contract of the cold neutron guide system with them in February 2006. Then we evaluated the Preliminary Engineering and Conceptual Design Documentation in detail before June 2006. The plan of the cold neutron guide installation was made at the end of 2006. And we started the design of the new divergent cold neutron guide CNGD which will be used for the Small Angle Neutron Scattering Spectrometer in June, 2006. A new theory has been used to simulate the CNGD system.
In 2006, 18 formal project meetings were organized in total. Through the serious discussing and analyzing, we totally referred 21 formal documents to the CARR project department, including the modification of the horizontal beam tube sizes at CARR, the shielding design, the demand of the display screen, the estimate of the electricity power demand in the guide hall, the distribution of the water faucets, the distribution of the compressing air spigots, the demand of the floor loading capacity in the guide hall, the modification of the beam tube sizes in Shutter, and the beam-stop design in Shutter, etc. 
In a word, all of these works kept the neutron scattering project at CARR on its way.
Progress of 151Sm Measurement With Accelerator Mass Spectrometry

YIN Xin-yi, WANG You-zhou1, HE Ming, DONG Ke-jun, WU Shao-yong, JIANG Shan, 
ZHANG Jin-song2, ZHANG Chun-hua2, ZHENG Yun2
(1 School of Physical Science and Technology, Lanzhou University; 2 Nuclear Power Institute of China) 

151Sm is a fission product nuclide with the life-time of 90 a. 151Sm is also a kind of rare earth elements. They have come into extensive use rapidly in a number of fields. As a result, more and more lanthanides are getting into the environment and food chains. In recent years much interest has been addressed to study on the effects of lanthanides. It is very difficult to measure the content of 151Sm with routine methods. Accelerator Mass Spectrometry (AMS) may be the method to measure ultra-trace 151Sm with high sensitivity.

The study on AMS measurement method of 151Sm includes the preparation of samples, the extraction of negative ions in the ion source, the choice of chemical form for AMS samples, the measurement of efficiency ionization and transmission, the determination of the background etc.

151Sm was produced by the neutron capture of the highly enriched 150Sm2O3. The 151Sm/150Sm ratio of enriched Sm2O3 after irradiation is 151Sm/150Sm=(3.750±0.002)×10－3 measured with Thermal Ionization Mass Spectrometry (TIMS). Then the 151Sm was diluted with enriched 154Sm2O3 to obtain a series of standards with different isotopic ratios.

Samarium belongs to the lanthanides, which can cause ionizer poisoning because of the specific properties. The beam current is very low and decreases rapidly. In order to resolve the problem, we used W cathodes and mixed the samarium oxide with W powder. As a result, stable operation of ion source was successfully achieved with a SmO－ beam current of 100 nA.

The cathode material Sm2O3 was mixed with W powder, and the terminal voltage is 8MV and the optimum charge state is +10. The sputter and ionization yield for 154SmO－ was about 6×10－4 in the ion source. The pilot beam is 154SmO－. The transmission efficiency from ion source to AMS Faraday Cup was about 3×10－3 (divided by the charge state).

The measurement results of blank and standard samples are shown in Fig. 1, Fig. 2 and Fig. 3. Fig. 1 is the energy spectrum with M=151, as to blank, the peak stands the 151Eu, as to standard sample, the peak represents 151Sm and 151Eu. 38# and 39# is blank and standard sample, respectively. The height of the peak of 39# sample is higher than that of 38#. The tendency is right. 36# and 37# samples are all blanks without separated from Eu. 38# is blank after chemical separation of Eu. The height of the peak of 38# is higher than that of 36# and 37#, which shows the efficiency of chemical separation, is not so good. According to the count rate of 151Eu in the blank, we can estimate that the background of 151Eu is about 10－7.
Figure 2 and Figure 3 are the ET spectra for blank and 10－7 standard, respectively. The figures show that the isobaric interference of 151Eu is very strong. The chemical separation procedure should be improved. Thus the higher sensitivity of 151Sm AMS measurement will be obtained.
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Fig. 1  Scan spectrum of the electrostatic deflector
■, ●, ▲, ▼——36#, 37#, 38#, 39# samples 
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Fig. 2  ET spectrum for blank
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Fig. 3  ET spectrum for 10－7standard

Preparation of 151Sm Standards for AMS Measurement 

YIN Xin-yi, HE Ming, DONG Ke-jun, JIANG Shan, 
ZHANG Chun-hua 1, ZHANG Jin-song1, ZHENG Yun1 

(1 Nuclear Power Institute of China)

151Sm (T1/2=90 a) is a kind of long-lived fission products. It was applied to the industry, agriculture, national defence and many other fields. The measurement of 151Sm is very significant in environment science, and life science, etc. The content of Sm in samples is very low especially in biological samples (10－6-10－9), so AMS is the best choice for the measurement of Sm with high sensitivity. But AMS is a kind of relative measurement method which needs standards to calibrate. The preparation of 151Sm standards is described in this paper.

1) Production of radionuclide 151Sm：151Sm was produced via neutron capture reaction of 150Sm by the irradiation of 52.6 mg Sm2O3 (with 150Sm enriched to 87.34%) in the Heavy Water Research Reactor (HWRR) at China Institute of Atomic Energy (CIAE).

2) Isotope ratio measurement with TIMS： The 151Sm/150Sm ratio in the irradiated Sm2O3 sample is 3.75×10－3 (the relative standard deviation is 0.06%) measured with Thermal Ionization Mass Spectrometry (TIMS) at the Nuclear Power Institute of China (NPIC).

3) Production of 151Sm standards by dilution：The isotope ratio 151Sm/150Sm of the initial standard is (3.750(0.002)×10－3. In order to satisfy AMS measurement, the initial 151Sm standard (as irradiated) was subsequently diluted with the unirradiated 154Sm2O3 (154Sm is enriched to 98.6%). Three 151Sm AMS standards with 151Sm/154Sm ratios of (9.25±0.08)×10－7, (8.87±0.08)×10－8 and (8.08±0.08)×10－9 were thus available.

4) Chemical separation：The interference of Eu is very strong in the measurement of 151Sm with AMS and TIMS, so chemical separation is necessary. The reducing method with zinc powder is used. The principle of this method is that europium can be more easily reduced than samarium and the characters of Eu2＋ and Sm3+ are very different. The zinc powder reduction and P204 resin extraction method were used to separate Eu.

In summary, 151Sm AMS standards with isotope ratios of 151Sm/154Sm (9.25±0.08)×10－7, (8.87±0.08)×10－8 and (8.08±0.08)×10－9 have been prepared. But the content of Eu in the samples is still high. The chemical separation procedure will be improved.

Measurement the 36Cl Depth Content in Soil Near a Nuclear Facility

HE Ming, WU Shao-yong, JIANG Shan, WANG Wei, LI Chao-li, DONG Ke-jun, YIN Xin-yi

Long-live radioisotopes are the suitable nuclei to study the geological evolvement procedures. The 36Cl which is produced in the nuclear facility is a very suitable tracer to carry out many research works. Based on carry out the media transference speed in some area, the quantity of the rain precipitation and the transference time to the groundwater level can be estimated. The soil samples from the different depth were sampled and the 36Cl content of each sample near a nuclear facility were measured. The 36Cl profile as a function of depth is shown in Fig. 1. 
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Fig. 1  36Cl content as a function of depth

AMS Measurement of 93Zr

ZHOU Duo, HE Ming, YIN Xin-yi, DONG Ke-jun, WU Shao-yong, 
GUAN Yong-jing, JIANG Shan

The zirconium isotope 93Zr is a long-lived pure beta-particle-emitting radionuclide, which is produced by nuclear fission and neutron activation of the stable isotope 92Zr. This element is a constituent of the structural components of nuclear reactor vessels. With AMS it should be possible to detect minute amounts of 93Zr. A Silica gel adsorption chromatography method for radiochemical separation of Zr has been developed to reduce the stable isobar 93Nb, which is the main interference for the detection. A series of standard sample has been prepared for AMS measurement. AMS measurements were carried out using the HI-13 tandem accelerator at CIAE National lab, ZrO－ ions from the negative ion source were injected into the HI-13 accelerator and accelerated to 8.5 MeV. At this energy, electrons were stripped from the ions to dissociate the molecular ions and produce multiply charged positive Zr-ions. After further acceleration, A Zr9+ ions were selected by an analyzing magnet and electrostatic analyzer, and finally were counted individually using a gas ionization detector. Further experiment is on work. 
Chemical Form of Selection for 79Se Measurement With AMS

WANG Wei, HE Ming, JIANG Shan, WU Shao-yong, LI Chao-li1, ZHOU Ben-hu1
(1 Physics Science and Engineering Technology Department, Guangxi University)
79Se is a long-lived radionuclide which is produced from nuclear waste, and the half-life is (2.80±0.40)×105 a. Recently, owing to the potential implications of Se in the field of biomedical research and environment science research, measuring the content of the trace element79Se in the biological samples or the environmental samples is very meaningful. Accelerator mass spectrometry (AMS) is a kind of ultra-sensitive nuclear analytical technique, which is the optimal way to measure the trace radioisotopes. But the interference of the isobar79Br is very strong. So, the special method should be done to remoce or depress the background of 79Br. 

The heavy ion identification technique namely ΔE-E will be used to measure 79Se. However, this method does not separate these two isobars so much. Accordingly, we must choose the proper sample chemical form and extraction ion form from ion source to depress interference. According to our experiment on the HI-13 tandem accelerator at CIAE, we found that the SeC2－ and the SeO－ ion beam can depress the interference of the background efficiently, meanwhile the beam current of SeC2－ and the SeO－ is strong enough to satisfy our requirements for AMS measurement. The following work is to determination the best chemical form and the extraction ion form. 

Measurement of Negative Ion Current of 180HfF5－ 

as a Function of the Ratio of HfF4 to Ag

TUO Fei1, JIANG Shan, HE Ming, BAO Yi-wen, YOU Qu-bo, HU Yue-ming,

 WANG Wei, DOU Yu-ling 
(1 College of Nuclear Science & Technology, Lanzhou University )

In Accelerator mass spectrometry (AMS) measurement, it usually need mix metal powder into samples. During 182Hf measurement, usually we mix HfF4 with certain silver powder. As we found the negative ion current of 180HfF5－ changes when different proportion of Ag+HfF4 samples were used. In measurement of 182Hf we need as larger 180HfF5－ ion current as possible, so in this work we studied the negative ion current of 180HfF5－ with different mass ration of Ag to HfF4 samples.
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Fig. 1  Negative ion current of 180HfF5－ as a function of mass ratio of HfF4 to Ag 
The experiment was carried out at the injection system of CIAE HI-13 tandem AMS system, a 40 position MC-SNICS ion source was used, the extracted voltage was 10 kV. The used HfF4 samples in this experiment were produced from commercially available HfO2 by certain chemic procedure. After the produced HfF4 was crashed into fine and equably powder, then it was mixed with high purity silver powder which was in 200 meshes. The Negative ion current of 180HfF5－ were measured under the mass ration of Ag to HfF4 of 2:1, 1:1, 1:2, 1:3, 1:4 and 1:5. The obtained results indicated that current of 180HfF5－ reaches largest when sample material was mixed with silver powder by 1:1, the results are shown in Fig. 1.
Mass Resolution Measurement of New Injection System for AMS
TUO Fei 1, JIANG Shan, HE Ming, BAO Yi-wen, YOU Qu-bo,

 HU Yue-ming, WANG Wei, YU Dou-ling 
(1 School of Nuclear Science & Technology, Lanzhou University)

The mass resolution of 80 for the old AMS injection system at CIAE could not satisfy the requirement for 182Hf measurement. Therefore, a new injector dedicated for AMS with a 90° spherical electrostatic deflection and a 112° double-focusing analyzing magnet was built with a designed maximum mass resolution of 430. 
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Fig. 1  Injector mass scan of HfO2 
mass number from 208 to 212
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Fig. 2  Negative ion mass spectrometry of PbO2－ for the new injective system

mass number from 208 to 212
For the new injection system, an injector mass scan for hafnium dioxide (HfO2) can be seen in Fig. 1 (image slits reduced to ±1 mm), Fig. 2 shows the negative ion mass spectrum for PbO2 (image slits are set to ±2 mm).

The obtained result shows that the new injection system can achieves a mass resolution of M/FWHM(M) is 430 and 320 by closing the image slits to ±1 mm and ±2 mm , respectively.
Simultaneously Measurement Facility of AMS Inject System
on AMS Injection System
DOU Yu-ling1, JIANG Shan, HE Ming, TUO Fei2
(1 Guangxi University ; 2 Lanzhou University )
The original HI-13 Tandem AMS measurements were carried out by using slow sequential measurement, this method can not satisfy high-precision measurement with long-lived radio nuclides. So a new injection system has been developed in HI-13 Tandem Accelerator, an off-set Faraday cup which can simultaneously measure the currents of isotopes is installed just after the injection magnet, compared the old injection system, new injection system can realize simultaneous measurement, when the isotopes of interest are measured by the detector, the current of isotope can be simultaneously measured by the off-set Faraday cup. So, new injection system can satisfy the high-accuracy measurement for radio nuclides. For example, in the 10Be AMS measurement, both 9Be16O－ ions and 10Be16O－ ions are created simultaneously in the ion source, all the parameters of the accelerator are adjusted for 10Be, by using multi-anode ∆E-E detector for 10Be measurement, and the currents of 9Be16O－ are concurrently measured by the off-set Faraday cup. So the ratio of 10Be/9Be can be obtained according to both values of measurement. The advantage of simultaneously injection can avoid the errors by the unstable beam current. So the precision of measurement can be improved a lot.

Improvement of Bragg Curve Detector Using in CIAE-AMS

LI Chao-li1, JIANG Shan, HE Ming, WU Shao-yong, 
 Ruan Xiang-dong1, WANG Wei, Zhou Duo
(1 Physics Science and Engineering Technology Department, Guangxi University)
Isobar identification method is the most important factor for the high-resolution and high-accuracy measurement in the AMS technology. The Bragg detector has the relatively high energy resolution, so the Bragg detector used for AMS measurement can improve the isobar identification, especially for the medial heavy radioisotopes. This can supply the important method for the medial heavy radioisotopes AMS measurement. We re-tested and improved the electronic signal obtaining way systemically, working-gas pressure, mesh of cathode, and velocity of gas flow for the Bragg Curve Detector. After modification, the total energy resolution of the detector is 0.91% for alpha particle at 5.486 MeV from 241Am source, and the Bragg Peak signal energy resolution is 1.24%. (E signals resolution with the shaping time of 1, 2 and 3 μs are 0.72%, 0.52% and 0.52% respectively.
Study on Transmission of Near-infrared Light 

Through Polyester Films Modified by Nuclear Pores

LIU Cun-xiong, NI Bang-fa, XIAO Cai-jin,TIAN Wei-zhi, WANG Ping-sheng, 

HU Lian, ZHANG Guiying, HUANG Dong-hui, YANG Wei-tao, LU Peng

Polyester membranes were irradiated by energetic 32S ion beams from the HI-13 tandem accelerator, and then etched by NaOH solutions with different concentration, temperature, and etching time. These nuclear pore-modified membranes were studied on pore size, pore shape, and the transmission properties for near infrared light. Preliminary results show that the membranes produced with optimized pore density and etching conditions have higher transmission rate.

Polyester is well known as an excellent insulating, heat-resistant and anti-irradiated material. Polyester membranes having thicknesses of 12, 19 and 50 μm were used in this work. The energies of 32S heavy ions from tandem accelerator were 140 MeV and 150 MeV. The track densities were 108,109,1011 cm－2, respectively. 

Samples were etched with sodium hydroxide solution (concentration 6.25 mol/L, temperature 65 ℃) for 2 minutes, then washed with hydrochloric acid and pure water successively and dried in a clean box. After that, samples were irradiated by a ultraviolet light for 2 h. This process is pre-etching-sensitization. Lastly samples were etched again with sodium hydroxide solution (concentration 6.25 mol/L, temperature 65 ℃) for different times.

The Scanning Electron Microscopy JSM-6360 was used for observation of surfaces and fracture for determination of diameter and depth of the developed tracks. The fracture of sample varies with the pore density and etching condition. But as a whole nuclear track pores on surface of samples were inerratic cone in shape.

The transmission of samples was measured by FTS6000 BIORAD and RTS60V BIORAD for wavelengths ranging from 0.65-1.1 μm.The transmission varies with the diameter and depth of track pores. Fig. 1 shows transmission curves of three samples.
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Fig. 1  Transmission curves of samples
Real line——12 μm, pore density 1010 cm2, etched for 8 min; Broken line——12 μm, pore density 1010 cm2, etched for 6 min; 
Dot line——12 μm, pore density 109 cm2, etched for 8 min

Transmission of the unmodified polyester films with thickness of 12 μm is about 98%. After samples were irradiated by ions and etched with sodium hydroxide solution, transmission of sample decreases to 95% within lower wavelengths (667-813 nm), but almost doesn’t change within higher wavelengths. The rose curve stands for the sample with a pore density of 1010, and the sample was etched for 6 minutes. The real line is for another sample whose pore density is 1010 as well, and etched for 8 minutes. Within the range of the etching time in this experiment, the longer the etching time is, the higher the transmission will be. This is probably because the larger pore diameter produced by longer etching time matches better with the light wavelengths of interest. The dot line is for a sample whose pore density is 109, and etched for 8 minutes. Obviously, transmission of this sample is lower than the rose and the real line. The curve fluctuates greatly. The lowest transmission becomes 88% for the wavelengths between 721-758 nm. This is possibly because the diameter of nuclear pores is about 0.7-0.8 μm, resulting in the light interferences after transmitting pores. 

Preliminary findings of this work include: The surface of the polyester membrane can be modified with nuclear pores formed by energetic heavy ion bombardment and followed etching. Less transmission for the modified membranes may be resulted from the diffuse reflection caused by the roughness of the modified surface. The transmission of samples can be increased with the increase of the density and size of the nuclear pore within the range of this experiment. 

Preliminary Study on Sampling Behavior of Na and Mn in 4 CRMs*
HUANG Dong-hui, NI Bang-fa, TIAN Wei-zhi, WANG Ping-sheng,

ZHANG Gui-ying, LIU Cun-xiong, XIN Cai-jin, HU Lian, LU Peng
Sampling behavior of Na and Mn in 4 CRMs was characterized at sample sizes of 0.8 to 1.4 mg by instrumental neutron activation analysis (INAA). The CRMs studied are andesite GBW07104 (GSR-2), shale GBW07107 (GSR-5), soil GBW07408 (GSS-8), stream sediment GBW07309 (GSD-9), already certified on regular minimum sample size (MSS) of 100-150 mg. The aim of the study is to identify the CRMs with satisfied homogeneity for Na and Mn at about 1 mg sample size, so as to be used for future study on sampling behavior of multielements and eventually produces new generation CRMs suitable for quality control of microanalysis.

1  Experimental

About 25 mg each of 4 CRMs, andesite GBW07104 (GSR-2), shale GBW07107 (GSR-5), soil GBW07408 (GSS-8), stream sediment GBW07309 (GSD-9), were irradiated for 30 s in 2# horizontal channels of heavy water research reactor, CIAE. Mn standard was used for neutron flux monitor. After 1 hour decay, 10 sub-samples from each of the 4 CRMs were accurately weighed. The weight of each sub-sample was shown in Table 1.
The detection system consists of a HPGe (-ray detection (Canberra, effiency 35%, resolution 1.8 keV), an Ortec despec-plus digital analyzer, and a PC. The softwares SPAN and ADVNAA were used for ( spectra analysis and elemental concentration calculation, respectively.

CRM GBW 07311, 07312（Stream sediment）and SRM 1632a (Coal powder) were used for quality control.

Table 1  The weight of each sub-sample 
	No
	
	
	Weight/mg
	

	
	GSR-2
	GSR-5
	GSS-8
	GSD-9

	1
	1.203
	1.081
	1.188
	1.305

	2
	0.945
	1.239
	1.268
	1.428

	3
	1.062
	1.128
	0.843
	1.034

	4
	0.705
	0.987
	1.055
	1.696

	5
	0.823
	0.925
	1.396
	1.166

	6
	1.275
	1.358
	1.25
	1.092

	7
	1.092
	0.948
	0.761
	1.398

	8
	1.303
	1.466
	1.638
	1.033

	9
	0.926
	1.335
	1.115
	0.703

	10
	1.08
	1.175
	1.221
	1.241


2  Results
The Na, Mn concentrations of each sub-sample are shown in Table 2.

3  Discussion and conclusion

In INAA, the indicator nuclides for Na and Mn, 24Na（T1/2=14.96 h, γ-ray energies are 1 368 and    2 754 keV, branching ratios 100% for both）and 52Mn（T1/2=2.578 5 h, γ-ray energies are 846.8 and 1 810.8 keV, branching ratios are 100% and 25%, respectively）, have suitable γ-ray energies, half-lives and cross sections. For soil and stream sediment matrices, 56Mn usually has good counting statistics with relative peak area uncertainty smaller than 1%. In short irradiation, good counting statistics is also easily obtained for 24Na in both short and long irradiations. If Mn is proved to have satisfied homogeneity in the method of sampling after irradiation, Mn data could be used to correct for the weight losses due to weighing and transfer in the procedure of sampling before irradiation and transfer after irradiation. That procedure will be used for the study on sampling behavior of multielements. Similarly, if Na is proved to have satisfied homogeneity, Na data could be used to correct for the weight losses resulting from weighing and transferring in both short and long irradiations. Thus, the study on sampling behavior of Na and Mn at about 1 mg sample size level using the method of sampling after irradiation solves the sample weight losses in the procedure of sampling before irradiation and transfer after irradiation in the study on sampling behavior of multielements at the same sample size level. Obviously, the precondition of this method is a prior verification of satisfactory homogeneity for Na and Mn by “post-irradiation sampling” NAA procedure mentioned above. 

The total uncertainty, as estimated by standard deviation over the sub-sample of each CRM, is a quadratic sum of analytical uncertainty and sampling uncertainty. Sampling uncertainty is practically available only when the analytical uncertainty is sufficiently small (compared with the total uncertainty, or standard deviation) and accurately known. 

In this work, the concentration of Na and Mn in the 4 CRMs at small sample size (8-supported by1.4 mg) was determined via the specific full energy peaks of 24Na and 56Mn, the total uncertainty and the sampling uncertainty of Na and Mn could be estimated. As shown in Table 2, for Na, the standard deviation over 10 subsamples for each of the 4 CRMs is less than 2%. Considering analytical uncertainty contributes 1%-1.5% to the standard deviation, Na in all the 4 CRMs has satisfied homogeneity. For Mn, the total relative uncertainties (estimated by RSD) of andesite GBW07104 (GSR-2) and soil GBW07408 (GSS-8), are less than 2%, manifesting the two CRMs have satisfied homogeneity for Mn. And the values for stream sediment GBW07309 (GSD-9) and shale GBW07107 (GSR-5) are 2.74% and 9.01%, respectively, that indicated the homogeneity for Mn is not satisfied in these two CRMs. The results show that the GBW07104(GSR-2) and GBW07408(GSS-8) have satisfied homogeneity for both Na and Mn, and are suitable candiate matrices for the new generation CRMs.
Table 2  Na, Mn concentrations of each sub-samples 

	No.
	GSR-2
	
	GSR-5

	
	m(Mn)/(mg/kg)
	Unc/%
	m(Na)/(mg/kg)
	Unc/%
	
	m(Mn)/(mg/kg)
	Unc/%
	m(Na)/(mg/kg)
	Unc/%

	1
	3.09(103
	2
	1.46(105
	2
	1.77(102
	2
	2.60(103
	2.1

	2
	3.14(103
	2
	1.52(105
	2
	2.00(102
	2
	2.60(103
	2

	3
	3.03(103
	2.1
	1.47(105
	2
	2.40(102
	2
	2.58(103
	2.1

	4
	3.10(103
	2
	1.45(105
	2.1
	
	1.95(102
	2
	2.62(103
	2.1

	5
	3.13(103
	2
	1.48(105
	2
	     1.88(102
	2

2
	2.62(103
2.64(103
	2.1
2

	6
	3.16(103
	2
	1.48(105
	2
	     1.93(102
	
	
	

	7
	3.16(103
	2.1
	1.49(105
	2
	     1.89(102
	2
	2.65(103
	2.1

	8
	3.14(103
	2
	1.47(105
	2
	     1.90(102
	2
	2.63(103
	2.1

	9
	3.11(103
	2
	1.49(105
	2
	     1.89(102
	2
	2.61(103
	2.1

	10
	3.09(103
	2
	1.46(105
	2
	     1.80(102
	2.1
	2.66(103
	2

	Average
	3.11(103
	
	1.48(105
	
	     1.94(102
	
	2.62(103
	

	STD/%
	1.28
	
	1.36
	
	     9.01
	
	0.92
	

	No.
	
	
	GSS-8
	
	
	
	
	GSD-9
	

	
	m(Mn)/(mg/kg)
	Unc/%
	m(Na)/(mg/kg)
	Unc/%
	
	m(Mn)/(mg/kg)
	Unc/%
	m(Na)/(mg/kg)
	Unc/%

	1
	6.72(102
	2
	1.28(104
	2.1
	   6.37(102
	2
	1.07(104
	2

	2
	6.55(102
	2
	1.27(104
	2.1
	   6.77(102
	2
	1.10(104
	2.1

	3
	6.74(102
	2
	1.34(104
	2
	   6.59(102
	2
	1.07(104
	2

	4
	6.41(102
	2
	1.28(104
	2
	   6.28(102
	2
	1.11(104
	2

	5
	6.57(102
	2
	1.28(104
	2.1
	   6.42(102
	2
	1.09(104
	2

	6
	6.59(102
	2
	1.28(104
	2.1
	   6.38(102
	2
	1.08(104
	2

	7
	6.52(102
	2
	1.26(104
	2
	   6.71(102
	2
	1.07(104
	2

	8
	6.66(102
	2
	1.32(104
	2
	   6.53(102
	2
	1.09(104
	2

	9
	6.66(102
	2
	1.28(104
	2
	   6.24(102
	2
	1.07(104
	2.1

	10
	6.64(102
	2
	1.31(104
	2.1
	   6.53(102
	2
	1.11(104
	2.1

	Average
	6.61(102
	
	1.29(104
	
	   6.48(102
	
	1.09(104
	

	STD/%
	1.51
	
	1.94
	
	   2.74
	
	1.52
	




* Supported by National Natural Science Foundation of China (10575138)
Study on Reproducibility
of Home-Made Personal Bubble Neuron Detectors
ZHANG Gui-ying, NI Bang-fa, TIAN Wei-zhi, WANG Ping-sheng, LIU Cun-xiong, 
HUANG Dong-hui, LV Peng, XIAO Cai-jin, HU Lian

Reproducibility is an important parameter of bubble detectors used for personal neutron dose monitoring. This study presents a preliminary analysis on reproducibility of home-made bubble detectors using ISO standards as guidelines. Moreover the software “origin” was used in an attempt to find possible reasons causing some detectors failed to pass this test.
A series of detectors named as 1, 5, 6, 10, 11, 12, Ⅰ, A, B, C, D, E were first allowed to reach thermal equilibrium with lab environment and then irradiated at a fixed position by 252Cf neutrons for 6 minutes each of several consecutive times to ensure the same dose value for each detector. After irradiation, the bubble numbers formed were read out by naked-eyes. 
For each of the dosimeters, the mean value of the reading, 
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[1] should be smaller than 25 and this value for each detector tested is given in Table 1. 
Table 1  Results of reproducibility test

	Samples
	Numbers of measurement
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	Results

	1
	5
	16.8
	Pass

	5
	5
	36.7
	No

	6
	5
	43.3
	No

	10
	6
	20.1
	Pass

	11
	6
	11.4
	Pass

	12
	4
	33.8
	No

	Ⅰ
	6
	22.6
	Pass

	A
	5
	7.8
	Pass

	B
	3
	5.9
	Pass

	C
	4
	6.6
	Pass

	D
	4
	18.3
	Pass

	E
	3
	0
	Pass


From Table 1, we can find three of the twelve detectors measured failed to meet the ISO standard. For these three detectors, ORIGIN software was used in an attempt to find some reasons. The results are illustrated in Fig. 1.
From Fig. 1，we can find that the values for BD5 and BD6 on 2006-08-02 and for BD12 on 2006-07-19 are outside the uncertainty limits compared with those of the other days for the same detector. One reason for this may be the mistakes made in the experiments. These three values should be deleted in statistic analysis. The relatively higher value of BD5 on 2006-06-15 and the lower value of BD6 on 2006-06-09 indicate that other reasons for the unsatisfied reproducibility may be the reading errors by naked-eyes and/or the differences in releasing pressure level. It demands us to develop a set of automatic reading system and a superheated level controlling system to avoid the above-mentioned mistakes and improve the produce efficiency. From the experiments, we find the ISO guideline and origin software are very helpful in the examination and improvement of the produce efficiency for bubble neutron detectors. 
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Fig. 1  Bubble number vs. measurement date for detectors 5 (a), 6 (b), and 12 (c)
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Study on Batch Homogeneity of Personal Neuron Bubble Detectors
ZHANG Gui-ying, NI Bang-fa, TIAN Wei-zhi, WANG Ping-sheng, WANG Zhi-qiang,
LUO Hai-long, HUANG Dong-hui, LIU Cun-xiong, LU Peng, XIAO Cai-jin, HU Lian

This study presents an analysis of homogeneity for a batch of home-made personal neuron dosimeter-bubble detectors with ISO guidelines as criteria.
1  Experiment

Each batch of detectors was allowed to reach thermal equilibrium with lab environment and then irradiated by 252Cf for 6 min at the third position as shown in Fig. 1. After irradiation, the bubble numbers formed were read out by naked-eyes. 
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Fig. 1  Irradiation positions of 252Cf neutron source

In another irradiation experiment, 14.8 MeV mono-energy neutrons were used. These neutrons were produced by the reaction of T(d, n)4He using a 2×1.7 MV tandem accelerator in Department of Radioactive Metrology, CIAE. The d-beam current was 0.5 μA. Two detectors were parallel placed in the center of a phantom 1 m away from the target to ensure the same dose can be received by the pair of detectors, After irradiation, the number of bubbles formed was read by naked-eyes. All the detectors tested were successively irradiated in pairs as mentioned above. The doses for each batch of detectors are given in Table 1. The detection sensitivity is defined as the number of bubbles divided by the dose received.
	Batch date
	Source
	Dose/μSv
	Numbers of Detectors
	Coefficient Variation /%
	Results

	2006-06-21
	252Cf
	9.3
	11
	21.4
	Pass

	2006-07-03
	252Cf
	9.3
	8
	20.6
	Pass

	2006-07-12
	252Cf
	9.3
	6
	14.7
	Pass

	2006-07-17
	252Cf
	9.3
	11
	8.8
	Pass

	2006-07-19
	252Cf
	9.3
	6
	32.1
	No

	2006-07-21
	252Cf
	9.3
	5
	17.8
	Pass

	2006-08-04
	252Cf
	9.3
	5
	23.5
	Pass

	2006-11-17
	14.8 MeV
	16
	6
	20.0
	Pass

	2006-11-18
	14.8 MeV
	16
	6
	17.0
	Pass

	2006-11-18
	14.8 MeV
	36
	5
	11.5
	Pass

	2006-11-18
	14.8 MeV
	74
	13
	22.4
	Pass

	2006-11-18
	14.8 MeV
	74
	12
	19.4
	Pass


Table 1  Results of batch homogeneity test
2  Result and discussion

The coefficient of variation 
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 is the arithmetic mean value of the measurements). According to ISO standard, V should be smaller than 25. The results of V values for bubble detectors irradiated by neutrons from both 252Cf and accelerator (14.8 MeV) are given in Table 1.
The results in Table 1 prove the reliability of these detectors used for monitoring doses from both 252Cf and 14.8 MeV high energy neutron sources. Only one of the 12 batches of detectors failed to pass the test. The reason for this failure may be the reading errors by naked-eyes and/or the differences in hand-controlled releasing pressure level. A set of automatic reading system and superheated level controlling system is therefore needed to improve the quality of our detectors. 

g-Factor Measurements of Rotational Band States in 82Sr*
YUAN Da-qing, ZHANG Yong-nan, ZUO Yi, ZHOU Dong-mei, LIU Meng, FAN Ping, 

WU Xiao-guang, LI Guang-sheng, ZHU Li-hua, XU Guo-ji, FAN Qi-wen, ZHU Sheng-yun 

The magnetic moments can provide direct information on the nuclear structure of excited states. One of the interesting features at high spins is interplay between the rotation and the quasi-particle alignment. The present work was motivated to measure the g-factors of the positive parity rotation band states in 82Sr and to study the quasi-particle alignment. 

g-factor of the rotational band states in 82Sr were determined by a TMF-IMPAD (transient-magnetic-field ion implantation perturbed angular distribution) method. The TMF-IMPAD set-up used in the experiment is mainly composed of the multi-layer target and target chamber, the polarizing electromagnet, the -ray detector system etc. The rotational band states in 82Sr were populated by the fusion-evaporation reaction 58Ni(28Si, 4p)82Sr with a 110 MeV Si beam from the HI-13 tandem accelerator at China Institute of Atomic Energy. The reaction cross section calculated by a Cascade program is about 104 mb at 110 MeV. A 400 g·cm－2 target layer of 58Ni enriched to 99.3% was evaporated onto a annealed natural Fe layer of 1.575 mg·cm－2. A Cu stopper layer of 14 mg/cm2 was evaporated on the other side of the Fe layer. The 83Y recoiling nuclei passed through the Fe layer and stopped in the Cu stopper layer. The ferromagnetic Fe layer was polarized by a 0.16 T magnetic field, the direction of which was perpendicular to the beam-detector plane and automatically reversed up and down every 100 s during the measurement. As the nuclei moved along the polarized Fe layer, they experienced a transient magnetic field, and the nuclear precession about the direction of the polarizing magnetic field took place. The nucleus completed its decay to the ground state in the perturbation-free Cu stopper. The emitted -rays were detected by the four BGO Compton suppressed HPGe detectors placed in the beam-detector plane to the beam direction at ±55° and ±125°. The -coincidence data were recorded in a multi-parameter event-by-event mode. 
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Fig. 1  g-factors of rotational band states in 82Sr

The nuclear precession of a state can be inferred from the rotation of the -ray distributions in terms of a conventional double ratio that is formed with the counting rates of an adjacent pair of detectors for the observed transition. The g-factor can be deduced from the precession angle  and the transient magnetic field strength 
[image: image96.wmf]TMF

B

(t) present at the nuclei:

[image: image97.wmf]NTMF

ex

/

en

(/)()d

t

gBtet

t

fm

-

D=-

ò

h

 and 
[image: image98.wmf]0.45

TMF

0

()926(/)

BT

nnn

=


The measured g factors for the states of the rotational band with a positive parity in 82Sr are shown in Fig. 1 as a function of spin I. It can be seen that the measured g-factors increase with the increasing of the spin, indicating the proton alignment only in 82Sr. 


* Supported by National Natural Science Foundation of China（10505032, 10435010）
Magnetic Moment Measurement of 28P*

ZHOU Dong-mei, ZHENG Yong-nan, YUAN Da-qing, ZUO Yi, LIU Meng, FAN Ping,  

M. Mihara1, M. Fukuda1, K. Matsuta1, T. Minamisono1, T. Nagatomo2,

 S. Momota3, A. Kitagawa4 , T. Izumikawa5, ZHU Sheng-yun

（1 Department of Physics, Graduate School of Science, Osaka University , Osaka 560-0043, Japan；
2 Institute of Physical and Chemical Research(RIKEN), 2-1 Hirosawa, Wako, Saitama35-0198, Japan；
3 Kochi University of Technology, Tosayamada, Kochi, 782-8502, Japan；
4 National Institute of Radiological Sciences, Inage, Chiba 263-0024, Japan；
5 Radioisotope Center, Niigata University, Niigta 951-8510, Japan）
The last proton separation energy of β-emitting nuclide 28P is 0.6 MeV and its last proton occupies the orbit 2s1/2. At present, all of the results showed that there exists proton halo structure in 28P, whether from the measurements of cross section or from the theoretical study. No magnetic moment or quadrupole moment of 28P have been reported until now. But the value of nuclear moments is a very important experimental data for the decision of halo structure. 

The present work was motivated to measure the magnetic moment of 28P with β-NQR method. The experiment was conducted on the Heavy Ion Medical Accelerator in Chiba (HIMAC) of National Institute of Radiological Sciences of Japan with the cooperation of Osaka University. 

Primary beam was 28Si and its energy was 100 MeV/u. With 240 intensity, it bombarded at the Be target of 2 mm thick. With the projectile fragmentation method, we could get the polarized nuclide 28P by selecting the angle and momentum of the projectile nuclei. The nuclide 28P was selected with the proper energy to incident into the stopping material after a set of energy degrader before the cold chamber. The stopping material was Pt with thickness of 50 m and size of 20×24 mm, which was set at the position of 45° relative to incident beam.

Perpendicular to the strong static magnetic field H0 of 0.9 T, the RF field of 0.001 2 T with AM modulation was applied. With the AFP (fast adiabatic passage) technique, when the RF field satisfied the resonant condition, the polarization was totally reversed and the direction of -rays’ anisotropy distribution was also reversed. The -rays were detected by two sets of the counter telescopes placed at 0°(UP β-ray detector) and 180° (DOWN β-ray detector), parallel and anti-parallel to the polarization direction, respectively. 

The beam was pulsed during the experiment. The width and repetition period of the beam pulses were 200 ms and 1 815 ms. The RF pulse of 15ms was applied after the first beam pulse. There was no RF pulse or the RF pulse was far away from the resonant frequency after the second beam pulse. The counting of -rays was started after each RF pulse until next start of beam time.
The polarized 28P was obtained for the first time. The measured polarization of 28P is 0.5%. The measurement of magnetic moment of 28P is under way.
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Calibration for Efficiencies of a Long Counter From 0.144 to 14.8 MeV

CHEN Jun, WANG Zhi-qiang, LUO Hai-long, LIU Yi-na

Long counter, as a relative measuring apparatus, should be calibrated before using it. At the Division of Radiation Metrology of China Institute of Atomic Energy the detection efficiencies of a long counter at 0.144, 0.250, 0.565, 1.2, 2.5, 2.8, 5.0 and 14.8 MeV had been calibrated at 2×1.7 MV tandem accelerator using the established instruments of neutron fluency absolute measurement. Before the calibration the plateau characteristic and stability of the long counter were measured, and dead time of the system was also calibrated by means of dual-source method. The expected neutrons could be produced by the 7Li(p, n)7Be, 3H(p, n)3He, 2H(d, n)3He and 3H(d, n)4He reactions. The neutron fluency at the energy was determined by employing recoil proton proportional counter, semi-conductor telescope and scintillation telescope. The efficiencies of the long counter were calibrated at two different distances with the exception for 0.250 MeV. In calibrations the background from room-scatter neutrons could be subtracted using a shadow cone technique. The corrections, such as air attenuation to neutrons and count losing due to dead time, etc., were considered in data process. The combined standard uncertainties of the results are less than 3.0%.

Establishment of Monoenergetic Neutron Reference Radiation Fields 
From 0.144 to 19 MeV

CHEN Jun, WANG Zhi-qiang, LUO Hai-long, LIU Yi-na

It is well known that neutron reference radiation fields are the basis for neutron metrology or calibration. The monoenergetic neutron reference radiation fields between 0.144 and 19 MeV had been established at 2×1.7 MV tandem accelerator of the Division of Radiation Metrology of China Institute of Atomic Energy. The fields contain all the energy points in above energy range recommended by ISO 8529-1 for determining the response of neutron measuring devices as a function of neutron energy. The expected neutrons could be produced by the 7Li(p, n)7Be, 3H(p, n)3He, 2H(d, n)3He and 3H(d, n)4He reactions. The neutron fluency spectra were calculated with the TARGET code. The neutron fluency was measured absolutely by employing recoil proton proportional counter, recoil proton telescope and associated particle system, respectively. In data process the possible influences effects for the results were considered and corrected. The combined standard uncertainties of the results are less than 2.0%. Additionally, we investigated some basic characteristics of the neutron source produced by 45Sc(p,n)45Ti reaction, such as the measurement of the excited curve of the reaction and the stability of the neutron source at 27.4 keV. The result indicated a possibility of development of the monoenergetic neutron reference radiation fields in keV energy range using the accelerator.
Preliminary Design of Neutron Dose Measurement Device for Cosmic-Ray

LI Tao-sheng, CHEN Jun, WANG Zhi-qiang

In order to be applied in cosmic ray, a device was designed which uses a spherical moderator and two types of proportional counters. One is the spherical counter which is imbedded at the center of the sphere moderator. This counter is called as an inner detector. The other six counters is the tube counter. Each is located close to the moderator surface and these counters are called as an outer detector. 

In fact, a difference of moderator thickness for the inner and outer detector leads to a difference of the detection efficient. A correction factor is determined by the ratio of inner and outer detector. The energy response of ambient dose equivalent for the device is improved after corrected. The upper neutron limit is extended using a lead radiator, which acts as an high energy converter via the (n,xn) reaction. The detector sensitivity is increased in the higher energy and the upper neutron limit is up to 10 GeV.

Each counter response in the neutron-energy range of 2.5×10–8-10 GeV was calculated by Monte-Carlo program. The mono-energetic response of ambient dose equivalent is less than (30%.
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