acta physica slovaca vol. 49 No. 1, 59 Ű 64 February 1999

EFFICIENT ALGORITHMS OF MULTIPARAMETER γ-RAY SPECTRA PROCESSING^∗

M. Morhťa“c^1, J. Kliman, V. Matou“sek^2, I. Turzo, M. Veselskťy Institute of Physics, Slovak Academy of Sciences Dťubravskťa cesta 9, 842 28 Bratislava, Slovak Republic

Received 20 October 1998, in ^nal form 13 November 1998, accepted 1 December 1998

In the paper, the ef^cient algorithms to process multiparameter γ-ray spectra are presented. They allow to search for peaks, to separate useful information from background and to improve resolution in 1-, 2- and 3-parameter γ-ray spectra. The algorithms are generalized to n-parameter data.

PACS: 29.85.+c, 02.60.-x, 07.05.Rm, 23.20.Lv

1 Introduction

Experimental progress in the understanding of nuclear structure depends critically on the ability to analyze coincidence data in multidimensional space. The requirements for using higher dimensions and higher resolutions are continuously increasing. The classical techniques developed to analyze one-parameter spectra cannot be directly extended to higher-fold data. Some operations are extremely time consuming. This problem is becoming relevant for big sizes and for multidimensional spectra, where the number of operations grows exponentially with the sizes. The implementations of some methods, mainly on PC computers, without optimization would be impossible. In the paper we present algorithm of multidimensional peak searching, multidimensional background elimination and deconvolution.

2 Peak searching

Without being interested in details we outline the algorithm of peak searching for 2-parameter spectra. We assume that the peak can be described by Gauss function and that the background

�Presented at 4^{th} International Conference on Dynamical Aspects of Nuclear Fission, “Castťa-Papierni“cka, Slovakia, 19Ű23 October 1998

1E-mail address: morhac@savba.sk 2E-mail address: matousek@savba.sk

0323-0465/99 cfl Institute of Physics, SAS, Bratislava, Slovakia 59

Fig. 1. Example of 2-parameter spectrum with peaks found.

can be approximated by a linear function within short interval. Then the number of counts as a function of the channel position x, y is

N(x,y) = G_1(x,y) + G_2(x) + G_3(y) + B +Cx + Dy (1)

where G_1(x,y) represents a 2-dimensional Gaussian, G_2(x) and G_3(y) represent 1-dimensional Gaussian ridges and B + Cx + Dy is linear background. The second partial derivative of 1 in both variables is independent of G_2(x),G_3(y) and background. It implies that the method is not sensitive to either of both ridges or their sum. Then maxima in the second derivative of a spectrum correspond to positions of a 2-dimensional peaks. The slices in the maxima in both directions are compared to their standard deviations. Applying conditions for the existence and the shape of peaks [1] the positions of 2-dimensional Gaussians can be determined. The method was extended also to 3-dimensional spectra. An example of Gaussians found in a 2-parameter spectrum is presented in Fig. 1. Positions of found peaks can be used as initial estimates to ^t 2-parameter peaks in spectrum. An alternative way is to eliminate background from spectrum and then improve resolution suf^ciently enough to obtain separated peaks.

3 Background estimation algorithm

The aim of algorithm is to separate useless information (background, combinations of coincidences of the background with peaks - ridges) from useful information contained in n-fold coincidence peaks of n-parameter spectrum.

Let us suppose that we estimate baseline spectrum of one-parameter spectrum stored in the vector v(i). From v(i) we shall calculate step by step the vectors v_1(i),v_2(i) up to v_m(i), where m is a free parameter. The new value in the channel i in the pth iteration step is obtained by comparison of average of the values v_{p−1}(i − p),v_{p−1}(i + p) with the value v_{p−1}(i). We accept the minimum of these values, i.e.,

v_p(i) = min

æ_v

p−1(i), 1 2 [v_{p−1}(i + p) + v_{p−1}(i − p)]

œ_{. (2)}

Analogously to one dimensional background estimation one can proceed in derivation of an algorithm to determine background of 2-parameter spectrum. From the 2-parameter spectrum v(i, j) we shall successively create matrices v_1(i, j),v_2(i, j) up to v_m(i, j).

The matrix elements that enter background estimation in the pth iteration step are denoted P_1 = v_{p−1}(i + p, j + p); P_2 = v_{p−1}(i − p, j + p), P_3 = v_{p−1}(i + p, j − p); P_4 = v_{p−1}(i − p, j − p), S_1 = v_{p−1}(i + p, j); S_2 = v_{p−1}(i, j + p), S_3 = v_{p−1}(i, j − p); S_4 = v_{p−1}(i − p, j). (3) Our aim is that the peak ridges in both directions (coincidences of peaks with linear background) as well as their sum were incorporated into the background estimate. Therefore we compare the values in the elements S with the average value of neighbouring elements P. Then we replace the new values S by

S_1 = max{S_1, (P_1 + P_3)/2} − (P_1 + P_3)/2; S_2 = max{S_2, (P_1 + P_2)/2} − (P_1 + P_2)/2; S_3 = max{S_3, (P_3 + P_4)/2} − (P_3 + P_4)/2;

S_4 = max{S_4, (P_2 + P_4)/2} − (P_2 + P_4)/2. (4) Then the new value in the matrix element i, j in the pth iteration step is

v_p(i, j) = min{v_{p−1}(i, j), (S_1 + S_4)/2 + (S_2 + S_3)/2 + (P_1 + P_2 + P_3 + P_4)/4}. (5) Background elimination algorithm can be generalized to three and multidimensional data [2]. An example of 2-parameter spectrum before and after background elimination is given in Fig. 2.

4 Deconvolution

The Gold method of deconvolution [3], [4] proved to be the most ef^cient for nuclear spectra deconvolution. In this section we outline the algorithm of Gold deconvolution. For a discrete system the relationship between a measured value x(i) and the raw result of measurement y(i) can be expressed as

y(i) = N−1 ∑_{k=o}^{h(i − k)x(k) i = 0,1,...,N − 1 (6)}

where h(i) is an impulse response and N is the number of samples of vectors h,x. The knowledge of the instrumental function h(i) is required. Eq. 6 can be written in matrix form as ŕy = H ŕx (7)

Fig. 2. Two-parameter spectrum before (a) and after (b) background suppression.

where columns of H are represented by the vectors h shifted by one position. Multiplying both sides of 7 by H^T yields

H^T ŕy = H^T H ŕx (8) wherefrom one gets

ŕy_1 = H_1 ŕx. (9) The direct inversion of H_1 cannot lead to a stable solution. Therefore the method of regularization must be employed.

The basic form of iterative method of deconvolution for a general linear discrete system is ŕx^k+^1 = ŕx^k + ţ( ŕy− A · ŕx^k) (10) where A is system matrix, k represents the number of iterations and ţ is the relaxation factor. In our case the matrix H^T H in 8 is symmetric, so its eigenvalues are real. The eigenvalues of matrix (H^T H) · (H^T H) are the squares of eigenvalues of matrix H^T H and therefore must be positive. The real positive eigenvalues of the system matrix is basic condition of stable solution of 9. Then 10 becomes

ŕx^k+^1 = ŕx^k + ţ[H^T HH^T ŕy − H^T HH^T H ŕx^k] (11) wherefrom one gets

ŕx^k+^1 = ŕx^k + ţ[ ŕy^′ − H^′ · ŕx^k] (12) By choosing relaxation factor ţ according to [3] we obtain the Gold algorithm of deconvolution x^k+^1_i = y^′_i ∑^{N−1}_m=_0 H^′_{im} · x^k_m

· x^k_i (13)

The advantage of Gold method in nuclear spectra deconvolution is the positivity of solution ŕx. The method can be generalized to 2-parameter spectra [4]. The example of 2-parameter spectrum before and after the deconvolution using the Gold method is given in Fig. 3.

Fig. 3. Two-parameter spectrum before (a) and after (b) deconvolution.

The direct extension of the computational algorithm of one dimensional non-optimized Gold deconvolution to two-, three- and multidimensional system leads to exponential growth of numerical operations. Given a rather slow convergence speed of iterative Gold method one needs considerable number of iteration steps (≈ 1000). Therefore in practical cases the method without optimization is not directly applicable in multidimensional deconvolution.Optimization can be achieved according to two facts. Fist, in γ-ray spectroscopy the number of channels of impulse response with non-zero counts is of the order of 10. Outside this interval the counts vanish to zeros. This can be exploited in matrix vector multiplication in the denominator of 13. It is useless to multiply with zeros. Second, in 13 one can observe that if for an i, y_i or x^k_i equals zero then for all following iteration steps j > k x^j_i will remain zero. It means that for such a point one can stop corrections in the iteration step k. Both these facts allow to decrease dramatically computing time of 13.

5 Conclusions

All the algorithms described so far were implemented in ŤIntegrated Multiparameter Nuclear Data Analysis PackageŤ [5]. It includes standard conventional procedures and routines as well as new developed algorithms. The package is a tool that integrates multiparameter data taking, processing and display. It was used to process data from multidetector system Compact Pocket Ball (ORNL Oak Ridge) and Gammasphere (LBL) Berkeley with the aim to obtain information on high excited states of neutron-rich nuclei from spontaneous ^ssion. It is also utilized in the ^eld of relativistic nuclear physics in experiments on NUCLOTRON accelerator (JINR Dubna) in the frame of programme SPHERE.

Acknowledgments. The work was partially supported by the Grant Agency of Slovak Republic through contract GAV 2/5121/98. The authors would like to thank the GAMMASPHERE collaboration, J.H. Hamilton, J.O. Rasmussen, G. M. Ter-Akopian and A. V. Daniel for the help in data preparation and valuable discussions.

64 M. Morhťa“c et al.

References

[1] M.A. Mariscotti: Nucl. Instr. Meth. Phys. Res. A 50 (1967) 309 [2] M. Morhťa“c, J. Kliman, V. Matou“sek, M. Veselskťy, I. Turzo: Nucl. Instr. Meth. Phys. Res. A 401 (1997) 113 [3] R. Gold: An iterative unfolding method for matrices. Technical Report ANL-6984. Argonne National Laboratory, Argonne, Illinois 1964 [4] M. Morhťa“c, J. Kliman, V. Matou“sek, M. Veselskťy, I. Turzo: Nucl. Instr. Meth. Phys. Res. A 401 (1997) 385 [5] M. Morhťa“c, J. Kliman, V. Matou“sek, I. Turzo: Nucl. Instr. Meth. Phys. Res. A 389 (1997) 89