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What the GOSIA is?

• GOSIA is a powerful suite of semiclassical Coulomb excitation codes developed to both design 
and analyze multiple Coulomb excitation experiments. 

• These codes were originally developed at the Nuclear Structure Research Laboratory of the 
University of Rochester in 1980 by Tomasz Czosnyka, Douglas Cline, and Ching- Yen Wu and 
development has continued at Rochester, Warsaw, and Köln.

• The scientific goals are to measure complete sets of electromagnetic transition strengths and 
static moments which provide a sensitive probe of nuclear structure for low-lying nuclear states.

•  GOSIA is specifically designed to handle heavy-ion induced Coulomb excitation where 
population of many excited states is measured using coincident detection of the scattered ions 
and the deexcitation gamma-ray decay.

• The code GOSIA is available free for users. However, all users must reference GOSIA
[T. Czosnyka, D. Cline, C.Y. Wu - Am. Phys. Soc. 28:745 (1983)] 
in publications based on use of this code.
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There is strong circumstantial evidence that certain heavy, unstable atomic nuclei are ‘octupole deformed’, that is,
distorted into a pear shape. This contrasts with the more prevalent rugby-ball shape of nuclei with reflection-
symmetric, quadrupole deformations. The elusive octupole deformed nuclei are of importance for nuclear structure
theory, and also in searches for physics beyond the standard model; any measurable electric-dipole moment (a signature
of the latter) is expected to be amplified in such nuclei. Here we determine electric octupole transition strengths (a direct
measure of octupole correlations) for short-lived isotopes of radon and radium. Coulomb excitation experiments were
performed using accelerated beams of heavy, radioactive ions. Our data on 220Rn and 224Ra show clear evidence for
stronger octupole deformation in the latter. The results enable discrimination between differing theoretical approaches
to octupole correlations, and help to constrain suitable candidates for experimental studies of atomic electric-dipole
moments that might reveal extensions to the standard model.

The atomic nucleus is a many-body quantum system, and hence its
shape is determined by the number of nucleons present in the nucleus
and the interactions between them. For example, nuclei in their ground
state in which the proton and neutron shells are completely filled
(‘doubly magic’ nuclei) are spherical. If this configuration is excited,
or if more nucleons are added, the long-range correlations between
valence nucleons distort the shape from spherical symmetry and the
nucleus becomes deformed. In most of these cases, it is well established
that the shape assumed has quadrupole deformation with axial and
reflection symmetry; that is, the nucleus is shaped like a rugby ball
(prolate deformation) or as a discus (oblate deformation). For certain
combinations of protons and neutrons, there is also the theoretical
expectation that the shape of nuclei can assume octupole deformation,
corresponding to reflection asymmetry or a ‘pear-shape’ in the intrin-
sic frame, either in a dynamic way (octupole vibrations) or having a
static shape (permanent octupole deformation).

Octupole deformation and EDMs
Atoms with octupole-deformed nuclei are very important in the
search for permanent atomic electric-dipole moments (EDMs). The
observation of a non-zero EDM at the level of contemporary experi-
mental sensitivity would indicate time-reversal (T) or equivalently
charge–parity (CP) violation due to physics beyond the standard
model. In fact, experimental limits on EDMs provide important con-
straints on many proposed extensions to the standard model1,2. For a
neutral atom in its ground state, the Schiff moment (the electric-dipole

distribution weighted by radius squared3) is the lowest-order observ-
able nuclear moment. Octupole-deformed nuclei with odd nucleon
number A (5 Z 1 N, see below) will have enhanced nuclear Schiff
moments owing to the presence of the large octupole collectivity (spa-
tial correlation between particle states) and the occurrence of nearly
degenerate parity doublets that naturally arise if the deformation is
static3–5. Because a CP-violating Schiff moment induces a contribution
to the atomic EDM, the sensitivity of the EDM measurement to CP
violation over non-octupole-enhanced systems such as 199Hg (ref. 2),
currently providing the most stringent limit for atoms, can be improved
by a factor of 100–1,000 (ref. 4). Essential in the interpretation of such
limits in terms of new physics is a detailed understanding of the struc-
ture of these nuclei. Experimental programmes are in place to measure
EDMs in atoms of odd-A Rn and Ra isotopes in the octupole region
(see for example, ref. 6) but so far there is little direct information on
octupole correlations in these nuclei.

Strong octupole correlations leading to pear shapes can arise when
nucleons near the Fermi surface occupy states of opposite parity with
orbital and total angular momentum differing by 3B. This condition is
met for proton number Z < 34, 56 and 88 and neutron number
N < 34, 56, 88 and 134. The largest array of evidence for reflection
asymmetry is seen at the values of Z < 88 and N < 134, where pheno-
mena such as interleaved positive- and negative-parity rotational bands
in even–even nuclei7, parity doublets in odd-mass nuclei8, and enhanced
electric-dipole (E1) transition moments9 have been observed. Many
theoretical approaches have been developed to describe the observed
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lowest 32 state. However, in a detailed study33 of octupole strength in
148Nd, where these states lie closer in energy to the lowest state, such
couplings were not observed.

Outlook
We have demonstrated that radioactive beams of heavy nuclei with
A < 220 can be successfully accelerated with sufficient intensity to
measure both even- and odd-order electric-multipole matrix elements
with an accuracy of 10% or better. The extracted electric-quadrupole
and electric-octupole moments are consistent with constant values
over the range of measured angular momentum. Our data show that
220Rn has weaker octupole collectivity than 224Ra. We conclude that
219,221Rn are likely to have smaller octupole-enhanced EDMs than
223,225Ra, though more favourable Rn candidates may emerge from
future studies of the low-lying structure of heavier isotopes. Com-
paring our data with predictions of the E3 strength from recent models,
we find that the trend in octupole deformation extracted from the
data presented here reveals detailed differences from some mean field
predictions16 and opposes the trend predicted by the cluster model17.
Our findings for the comparisons with models should be confirmed

by extending studies to other radioactive isotopes in the Rn and Ra
chain. It is interesting to note that the Gogny HFB calculations16 pre-
dict that Th and U isotopes with N 5 134–136, already known to
exhibit the characteristics of a rigid octupole shape7,41, should have
significantly enhanced E3 transition strengths (70 Weisskopf units);
however, tests of this prediction await major developments in radio-
active beam technology.

METHODS SUMMARY
In our experiments, the 220Rn and 224Ra produced by spallation diffused to the
primary target surface and were then singly ionized (q 5 11) in either an
enhanced plasma ion-source42 with a cooled transfer line (Rn) or a tungsten
surface ion-source (Ra), accelerated to 30 keV, separated according to A/q, and
delivered to a Penning trap, REXTRAP43, at a rate of around 1.25 3 107 ions s21

for 220Rn and 4.4 3 107 ions s21 for 224Ra at the entrance. Inside the trap, the
singly-charged ions were accumulated and cooled before allowing the ions to
escape in bunches at 400 ms intervals into an electron-beam ion source,
REXEBIS43. Here, the ions were confined for 400 ms in a high-density electron
beam that stripped more electrons to produce a charge state of 521, extracted as
400ms pulses before being mass-selected again according to A/q, and injected at
2.5 Hz into the REX linear post-accelerator. The level of isobaric impurity (for
example, Fr) in the Ra beam was estimated to be below 1% by observing radio-
active decays at the end of the beam line. For Rn, observation of contaminant
decays was more difficult because of the small a-decay branching ratios to excited
states, and only an upper limit of 5% could be obtained.

The GOSIA code performs a least-squares fit to the matrix elements between all
known states coupled by electromagnetic operators, which are treated as free
parameters. Although the fit is sensitive to the relative E1/E2 decay rates, E1
(and M1) excitation is negligible at the beam energies used and can be ignored.
The magnitudes of the values of the starting parameters were chosen to be ran-
dom, within reasonable limits. The fit was found to be insensitive to many of the
matrix elements; these were either fixed or coupled to other matrix elements
assuming the validity of the rotational model.
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to the theoretical predictions of a cluster model17 (‘Ra cluster model’) and
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as a guide to the eye. The experimental data for Rn and Ra isotopes are denoted
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(N 5 136) are from the present work, other data are taken from refs 23,
49 and 50. The error bars are 61s.d.
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There is strong circumstantial evidence that certain heavy, unstable atomic nuclei are ‘octupole deformed’, that is,
distorted into a pear shape. This contrasts with the more prevalent rugby-ball shape of nuclei with reflection-
symmetric, quadrupole deformations. The elusive octupole deformed nuclei are of importance for nuclear structure
theory, and also in searches for physics beyond the standard model; any measurable electric-dipole moment (a signature
of the latter) is expected to be amplified in such nuclei. Here we determine electric octupole transition strengths (a direct
measure of octupole correlations) for short-lived isotopes of radon and radium. Coulomb excitation experiments were
performed using accelerated beams of heavy, radioactive ions. Our data on 220Rn and 224Ra show clear evidence for
stronger octupole deformation in the latter. The results enable discrimination between differing theoretical approaches
to octupole correlations, and help to constrain suitable candidates for experimental studies of atomic electric-dipole
moments that might reveal extensions to the standard model.

The atomic nucleus is a many-body quantum system, and hence its
shape is determined by the number of nucleons present in the nucleus
and the interactions between them. For example, nuclei in their ground
state in which the proton and neutron shells are completely filled
(‘doubly magic’ nuclei) are spherical. If this configuration is excited,
or if more nucleons are added, the long-range correlations between
valence nucleons distort the shape from spherical symmetry and the
nucleus becomes deformed. In most of these cases, it is well established
that the shape assumed has quadrupole deformation with axial and
reflection symmetry; that is, the nucleus is shaped like a rugby ball
(prolate deformation) or as a discus (oblate deformation). For certain
combinations of protons and neutrons, there is also the theoretical
expectation that the shape of nuclei can assume octupole deformation,
corresponding to reflection asymmetry or a ‘pear-shape’ in the intrin-
sic frame, either in a dynamic way (octupole vibrations) or having a
static shape (permanent octupole deformation).

Octupole deformation and EDMs
Atoms with octupole-deformed nuclei are very important in the
search for permanent atomic electric-dipole moments (EDMs). The
observation of a non-zero EDM at the level of contemporary experi-
mental sensitivity would indicate time-reversal (T) or equivalently
charge–parity (CP) violation due to physics beyond the standard
model. In fact, experimental limits on EDMs provide important con-
straints on many proposed extensions to the standard model1,2. For a
neutral atom in its ground state, the Schiff moment (the electric-dipole

distribution weighted by radius squared3) is the lowest-order observ-
able nuclear moment. Octupole-deformed nuclei with odd nucleon
number A (5 Z 1 N, see below) will have enhanced nuclear Schiff
moments owing to the presence of the large octupole collectivity (spa-
tial correlation between particle states) and the occurrence of nearly
degenerate parity doublets that naturally arise if the deformation is
static3–5. Because a CP-violating Schiff moment induces a contribution
to the atomic EDM, the sensitivity of the EDM measurement to CP
violation over non-octupole-enhanced systems such as 199Hg (ref. 2),
currently providing the most stringent limit for atoms, can be improved
by a factor of 100–1,000 (ref. 4). Essential in the interpretation of such
limits in terms of new physics is a detailed understanding of the struc-
ture of these nuclei. Experimental programmes are in place to measure
EDMs in atoms of odd-A Rn and Ra isotopes in the octupole region
(see for example, ref. 6) but so far there is little direct information on
octupole correlations in these nuclei.

Strong octupole correlations leading to pear shapes can arise when
nucleons near the Fermi surface occupy states of opposite parity with
orbital and total angular momentum differing by 3B. This condition is
met for proton number Z < 34, 56 and 88 and neutron number
N < 34, 56, 88 and 134. The largest array of evidence for reflection
asymmetry is seen at the values of Z < 88 and N < 134, where pheno-
mena such as interleaved positive- and negative-parity rotational bands
in even–even nuclei7, parity doublets in odd-mass nuclei8, and enhanced
electric-dipole (E1) transition moments9 have been observed. Many
theoretical approaches have been developed to describe the observed

1Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, UK. 2Institut für Kernphysik, TechnischeUniversität Darmstadt, Darmstadt D-64289, Germany. 3Departmentof Physics and Astronomy,
University of Rochester, Rochester, New York 14627-0171, USA. 4ISOLDE, CERN (Organisation Européenne pour la Recherche Nucléaire), Geneva CH-1211, Switzerland. 5Institut für Kernphysik,
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lowest 32 state. However, in a detailed study33 of octupole strength in
148Nd, where these states lie closer in energy to the lowest state, such
couplings were not observed.

Outlook
We have demonstrated that radioactive beams of heavy nuclei with
A < 220 can be successfully accelerated with sufficient intensity to
measure both even- and odd-order electric-multipole matrix elements
with an accuracy of 10% or better. The extracted electric-quadrupole
and electric-octupole moments are consistent with constant values
over the range of measured angular momentum. Our data show that
220Rn has weaker octupole collectivity than 224Ra. We conclude that
219,221Rn are likely to have smaller octupole-enhanced EDMs than
223,225Ra, though more favourable Rn candidates may emerge from
future studies of the low-lying structure of heavier isotopes. Com-
paring our data with predictions of the E3 strength from recent models,
we find that the trend in octupole deformation extracted from the
data presented here reveals detailed differences from some mean field
predictions16 and opposes the trend predicted by the cluster model17.
Our findings for the comparisons with models should be confirmed

by extending studies to other radioactive isotopes in the Rn and Ra
chain. It is interesting to note that the Gogny HFB calculations16 pre-
dict that Th and U isotopes with N 5 134–136, already known to
exhibit the characteristics of a rigid octupole shape7,41, should have
significantly enhanced E3 transition strengths (70 Weisskopf units);
however, tests of this prediction await major developments in radio-
active beam technology.

METHODS SUMMARY
In our experiments, the 220Rn and 224Ra produced by spallation diffused to the
primary target surface and were then singly ionized (q 5 11) in either an
enhanced plasma ion-source42 with a cooled transfer line (Rn) or a tungsten
surface ion-source (Ra), accelerated to 30 keV, separated according to A/q, and
delivered to a Penning trap, REXTRAP43, at a rate of around 1.25 3 107 ions s21

for 220Rn and 4.4 3 107 ions s21 for 224Ra at the entrance. Inside the trap, the
singly-charged ions were accumulated and cooled before allowing the ions to
escape in bunches at 400 ms intervals into an electron-beam ion source,
REXEBIS43. Here, the ions were confined for 400 ms in a high-density electron
beam that stripped more electrons to produce a charge state of 521, extracted as
400ms pulses before being mass-selected again according to A/q, and injected at
2.5 Hz into the REX linear post-accelerator. The level of isobaric impurity (for
example, Fr) in the Ra beam was estimated to be below 1% by observing radio-
active decays at the end of the beam line. For Rn, observation of contaminant
decays was more difficult because of the small a-decay branching ratios to excited
states, and only an upper limit of 5% could be obtained.

The GOSIA code performs a least-squares fit to the matrix elements between all
known states coupled by electromagnetic operators, which are treated as free
parameters. Although the fit is sensitive to the relative E1/E2 decay rates, E1
(and M1) excitation is negligible at the beam energies used and can be ignored.
The magnitudes of the values of the starting parameters were chosen to be ran-
dom, within reasonable limits. The fit was found to be insensitive to many of the
matrix elements; these were either fixed or coupled to other matrix elements
assuming the validity of the rotational model.
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GOSIA Workshop, HIL, Warsaw

1st GOSIA Workshop 2008 - EURONS

2nd GOSIA Workshop 2013 - ENSAR

• 27 participants
form 15 institutes

Program

• 12 presentations:
examples of COULEX analysis

• 3 working groups for hands-on session:
practice with the GOSIA code

• round-table discussion:
users needs to GOSIA development.

Town Meeting, Warsaw, 2013
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GOSIA updates 
by Nigel Warr (Univ. of Cologne) for GOSIA Workshop 2013

• Manual improved. Doug Cline has also made a huge effort to improve the GOSIA manual/book. 

• A code called “select” was mentioned, that could create the correlation matrix used by OP,ERRO. This has now been 
integrated into GOSIA as OP,SELE. 

• There was a big problem with OP,INTG in inverse kinematics. For this a new OP,INTI has now been written and 
implemented.

• Spline code has been added as an alternative to the lagrangian method in the interpolation. 

• The Band-Raman Internal Conversion Coefficients database (BrIcc): the fortran code for the BrIcc program is actually 
pretty simple, so I implemented it within GOSIA as OP,BRIC using spline. So now one can just download the BrIcc 
database from http://www.nndc.bnl.gov/nndcscr/ensdf_pgm/analysis/BrIcc and tell GOSIA where the database is. 
GOSIA then performs the interpolation for each transition that you use. You actually only need the .icc and .idx files. 
Use FO version normally, NH for Z > 110.

• Some experiments with Gammasphere ran into the limits on the number of levels, transitions and matrix elements. 
These arrays have been increased, which was not trivial due to the way GOSIA manages memory. However, there is 
an intrinsic limit of 999 matrix elements. 

• There was a request for the Leuven and the RADWARE efficiency calibration parameterization parameterization was 
requested and implemented. There is now an EFF option in CONT, which selects the efficiency parameterization. 

• RACHEL. Adam Hayes has made a huge effort to develop a GUI which can help the user to set up the input files and 
run GOSIA.

• And many others...

Town Meeting, Warsaw, 2013
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GOSIA Users needs

• Calculating polarizations with GOSIA
GOSIA can easily give the statistical tensors, immediately after the excitation, but these are 
modified by the decay. To calculate the polarization, we need the statistical tensor for each 
level, just before the decay of that level.  Actually, this is what is needed to calculate the angular 
distribution.

• Comparison with other codes:
CLX (H. Ower), ECIS (Jacques Raynal), RELEX (C.A. Bertulani), 
DWEJKO (C.A. Bertulani, C.M. Campbell, T. Glasmacher).

• Slowed down beams
Hans-Juergen Wollersheim (GSI) presented in his talk the issue with beams slowed down with a 
degrader. There is a broad spread in the energies of the beam and a broad angular spread too.
The idea is to replace the stopping powers with some sort of convolution of the stopping power 
and the energy distribution in the beam. 

• What is needed in GOSIA for AGATA?

Town Meeting, Warsaw, 2013
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GOSIA in future

A new code should be extensible to allow new features:

• arbitrary particle- and γ−detector shapes 

• alternative excitation codes (e.g. for intermediate energy) 

• alternative de-excitation codes (e.g. to couple to geant4)

• alternative fit methods (e.g. genetic approach) 

There are lots of ideas . . . but we need manpower to implement them!

Town Meeting, Warsaw, 2013
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Jacob - Genetic GOSIA 
Measured

g yields

GOSIA

χ2 calculation

Gradient minimization procedure

Error estimation
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spectroscopic data
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particle and g detectors
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Quadrupole rotational
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Shape parameters for

individual states

Level scheme
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Jacob - Genetic GOSIA 

Town Meeting, Warsaw, 2013

Zbigniew Michalewicz
Genetic Algorithms + Data Structures = Evolution Programs
Springer-Verlag Berlin and Heidelberg GmbH & Co. K, 2013
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Jacob - Genetic GOSIA 

JACOB - Genetic algorithm 
implementation:

• the same data input scheme as in 
GOSIA

• resistance to the local minimum 
problem

• automatic scan for alternative 
solutions and expected better 
convergence to the global minimum

• error estimation based on the scan of 
the surface. χ2 surface

• parallel processing on several 
clustered computers connected into 
a network.

Town Meeting, Warsaw, 2013

Zbigniew Michalewicz
Genetic Algorithms + Data Structures = Evolution Programs
Springer-Verlag Berlin and Heidelberg GmbH & Co. K, 2013
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Jacob  application

Town Meeting, Warsaw, 2013

11



Jacob  application
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Parallel processing 

Town Meeting, Warsaw, 2013
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Chi-square landscape scan
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Chi-square landscape scan

Town Meeting, Warsaw, 2013
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   The  boundary  of    the  cut  in  the  parameter  space  we  call    
the  Front  Line.  

   All   data   points  with   the   objective   function   value   less  
than   the   absolute   threshold   are  Allies.  The   remaining  
are  Enemies.  

   Points  close   to   the  Front  Line  (Euclidean  metrics)  are  
called  Soldiers.  

   Points  closest  to  the  Soldiers  (one  per  Soldier)  from  the  
same  side  of  the  Front  Line  are  Soldier  Friends.  

C.   Algorithm  description  
1)   Goals  
   Determine  tolerance  region  of  the  parameters.      

   Estimate   the   accuracy   in   determining   the   tolerance  
region.  

2)   Steps  
a)   Enemy  Soldier.  Proper  Enemy  Soldiers  are  a  subset  of  

the  Enemies   closest   (Euclidean  metrics)   to   at   least   one  Ally.    
Enemy   Soldier   Friends   are   a   subset   containing   Enemies  
closest   to   at   least   one   Proper   Enemy   Soldier.   Proper   Enemy  
Soldiers   and   Enemy   Soldier   Friends   constitute   the   Enemy  
Soldiers  set.  

b)   Ally  Soldiers.  Proper  Ally  Soldiers  are  a  subset  of  the  
Allies  closest  (Euclidean  measure)  to  at  least  one  Enemy.  Ally  
Soldier  Friends  are  a  subset  containing  Allies  closest  to  at  least  
one  Proper  Ally  Soldier.  Proper  Ally  Soldiers  and  Ally  Soldier  
Friends  constitute  the  Ally  Soldiers.  

c)     Parameter   tolerances.   From   the   Ally   Soldiers   set  
pairs   of   min-max   values   for   each   parameter   are   computed.  
Differences  between   the  coordinates  of   the  optimal  point  and  
the  min-max  values  are  adopted  as  parameter  tolerances.  

d)   Accuracy   determination.     The   accuracy   of   the      Front  
Line  determination  is  interpreted  as  the  accuracy  of  tolerances.    

e)   Front  Line  determination:  The  sets  of  Soldiers  may  be  
further   used   to   approximate   the   Front   Line.   This   brings   an  
opportunity  to  getting  more  sophisticated  information.      

III.   EXAMPLE  OF  THE  FRONT  LINE  ALGORITHM  
As  a  preliminary  case  study  a  uniform  sampling  of  F7  on  a  

grid  with  spacing  0.5  between  samples  was  selected.  The  data  
set  contains  12,321  points  (Fig.1).  All  points  with  the  objective  
function   value   larger   than   28.0   were   removed   from   the  
repository.  The  remaining  points  were  distributed  around  three  
minima   (Fig.   2).   The   Neighborhood   Based   Clusterization  
(NBC)   [7]  was  applied   to   find   the  points  concentrated  around  
the  global  minimum    (Fig.  3).  

The   Front   Line   algorithm,   with   relative   threshold   15.0  
(absolute   threshold  ~=  16.8),  was  applied   to   the  cluster  of   the  
points  around   the  global  minimum.  The  points  were  split   into  
Allies   and   Enemies   sets.   Ally   Soldiers   and   Enemy   Soldiers  
were   found   (Figs.  4and  5).  Tolerance  estimation  based  on   the  
Ally  Soldiers  set  was  performed  and    is  presented  in  Table  I  

  

Figure  1.     F7  Schwefel  function  on  the  grid.    

  

Figure  2.     Sampling  on  the  grid  with  the  cut  value  28.0.  
Figure  3.     Sampling  on  the  grid  after  NBC.  

  

Figure  4.     Sampling  on  the  grid  after  Front  Line  without  Soldiers  Friends.  
Figure  5.     Sampling  on  the  grid  after  Front  Line  with  Soldier  Friends.  
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Figure  10.    Genetic  algorithm  sampling.  Front  Line  with  Soldier  Friends  

TABLE  III.    SAMPLING  WITH  THE  GENETIC  ALGORITHM.    
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Finally  Front  Line  algorithm  will  be  applied  to  improve  the  
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Absolute  threshold:   16.834  
Soldier  with  largest  function  

value:  
21.220  (+4.386)  

Soldier  with  smallest  function  
value:  

12.328  (-4.506)  

Coordinate   Found  
minimum  

Left  
tolerance  

Right  
tolerance  

Left  
tolerance
  [%]  

Right  
tolerance
    [%]  

1   -25.877   -10.228   10.880   -39.5%   42.0%  

2   -25.877   -10.371   10.945   -40.1%   42.3%  

213

   The  boundary  of    the  cut  in  the  parameter  space  we  call    
the  Front  Line.  

   All   data   points  with   the   objective   function   value   less  
than   the   absolute   threshold   are  Allies.  The   remaining  
are  Enemies.  

   Points  close   to   the  Front  Line  (Euclidean  metrics)  are  
called  Soldiers.  

   Points  closest  to  the  Soldiers  (one  per  Soldier)  from  the  
same  side  of  the  Front  Line  are  Soldier  Friends.  

C.   Algorithm  description  
1)   Goals  
   Determine  tolerance  region  of  the  parameters.      

   Estimate   the   accuracy   in   determining   the   tolerance  
region.  

2)   Steps  
a)   Enemy  Soldier.  Proper  Enemy  Soldiers  are  a  subset  of  

the  Enemies   closest   (Euclidean  metrics)   to   at   least   one  Ally.    
Enemy   Soldier   Friends   are   a   subset   containing   Enemies  
closest   to   at   least   one   Proper   Enemy   Soldier.   Proper   Enemy  
Soldiers   and   Enemy   Soldier   Friends   constitute   the   Enemy  
Soldiers  set.  

b)   Ally  Soldiers.  Proper  Ally  Soldiers  are  a  subset  of  the  
Allies  closest  (Euclidean  measure)  to  at  least  one  Enemy.  Ally  
Soldier  Friends  are  a  subset  containing  Allies  closest  to  at  least  
one  Proper  Ally  Soldier.  Proper  Ally  Soldiers  and  Ally  Soldier  
Friends  constitute  the  Ally  Soldiers.  

c)     Parameter   tolerances.   From   the   Ally   Soldiers   set  
pairs   of   min-max   values   for   each   parameter   are   computed.  
Differences  between   the  coordinates  of   the  optimal  point  and  
the  min-max  values  are  adopted  as  parameter  tolerances.  

d)   Accuracy   determination.     The   accuracy   of   the      Front  
Line  determination  is  interpreted  as  the  accuracy  of  tolerances.    

e)   Front  Line  determination:  The  sets  of  Soldiers  may  be  
further   used   to   approximate   the   Front   Line.   This   brings   an  
opportunity  to  getting  more  sophisticated  information.      

III.   EXAMPLE  OF  THE  FRONT  LINE  ALGORITHM  
As  a  preliminary  case  study  a  uniform  sampling  of  F7  on  a  

grid  with  spacing  0.5  between  samples  was  selected.  The  data  
set  contains  12,321  points  (Fig.1).  All  points  with  the  objective  
function   value   larger   than   28.0   were   removed   from   the  
repository.  The  remaining  points  were  distributed  around  three  
minima   (Fig.   2).   The   Neighborhood   Based   Clusterization  
(NBC)   [7]  was  applied   to   find   the  points  concentrated  around  
the  global  minimum    (Fig.  3).  

The   Front   Line   algorithm,   with   relative   threshold   15.0  
(absolute   threshold  ~=  16.8),  was  applied   to   the  cluster  of   the  
points  around   the  global  minimum.  The  points  were  split   into  
Allies   and   Enemies   sets.   Ally   Soldiers   and   Enemy   Soldiers  
were   found   (Figs.  4and  5).  Tolerance  estimation  based  on   the  
Ally  Soldiers  set  was  performed  and    is  presented  in  Table  I  

  

Figure  1.     F7  Schwefel  function  on  the  grid.    

  

Figure  2.     Sampling  on  the  grid  with  the  cut  value  28.0.  
Figure  3.     Sampling  on  the  grid  after  NBC.  

  

Figure  4.     Sampling  on  the  grid  after  Front  Line  without  Soldiers  Friends.  
Figure  5.     Sampling  on  the  grid  after  Front  Line  with  Soldier  Friends.  
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Summary

• GOSIA is in a good shape.

• GOSIA Users Group keeps the GOSIA code updated.

• Development of genetic approach is going on.

• Look forward to the 3rd GOSIA Workshop 

Town Meeting, Warsaw, 2013
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DOUG CLINE awarded 
the Marian Smoluchowski medal

The Founding Father of Multiple Coulomb Excitations Douglas Cline 
has been awarded Marian Smoluchowski Medal by  Polish Physical Society.
It is the highest honor offered by the Polish Physical Society. 

The official ceremony will take place 
September 9, 2013 in Poznan  
at Polish Physicist Congress

The award is conferred upon Douglas Cline in recognition of his part in development of 
nuclear structure studies as well as his outstanding  contribution to the work and 
progress of the Warsaw centre of  nuclear spectroscopy.  

The Marian Smoluchowski Medal is awarded annually for exceptional research in the 
field of physical science and  role in promoting physics and physics education in Poland.

see:http://www.42zfp.put.poznan.pl

Town Meeting, Warsaw, 2013
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prof. J. Królikowski WF UW Bozon Higgsa 2012 - największe odkrycie w fizyce cząstek od 40 lat
prof. K. Kułakowski WFiIS AGH Indeterminizm obliczeniowy w złożonych układach społecznych
prof. J. Lukierski IFT UWr Kwantowa grawitacja - ważne wyzwanie przed fizyką teoretyczną
prof. M. Maśka IF UŚ Kwantowe symulacje ciała stałego przy pomocy ultrazimnych gazów

atomowych w sieciach optycznych
prof. A.  Patkowski WF UAM Struktura, dynamika i krystalizacja ukladow koloidalnych typu Yukawy
prof. A. Wójs IF PWr Cząstki o nieprzemiennej statystyce w stanach kwantowego zjawiska

Halla
prof. M. Żukowski IFTiA UG Interferometria kwantowa: wielofotonowe splątanie, teoria i eksperymenty

Wystawcy

Sponsorzy

Wystawcy

Serwis znajduje
się na serwerze 
Politechniki 
Poznańskiej

Współorganizatorzy
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Visit to Heavy Ion 
Laboratory

Thursday (20.06) after lunch
please contact 
the registration desk
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