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Outline
● What is the GOSIA code ?
● How does it work ?
● GOSIA's input



  

GOSIA
GOSIA is a Rochester – Warsaw semiclassical coupled-channel 
Coulomb excitation least-squares search code.



Developed in early eighties by T. Czosnyka, D. Cline, C.Y.Wu
and continuously upgraded to fulfill requirements of new 
experiments.



Used extensively for Coulomb excitation studies of a wide range 
of nuclei.



Typical use of GOSIA:
Fitting of the matrix elements to the experimental data.
Simulation of the experiments:

 to predict which  γ - ray will be observed
to check to what extent the observation will depend on    
 individual matrix elements.
 



  

www.slcj.uw.edu.pl/en/81.html

User's manual



  

www.pas.rochester.edu/~cline/Gosia/



  

How does GOSIA work? 
● starts with experimental conditions - angle, energy and matrix 

element set between all relevant states. 
● GOSIA solves differential equations and calculates excitation 

probabilities to find the level population and γ-ray yields.
● Construct the standard χ2 function built on the observed and 

calculated γ-ray yields.
● Known spectroscopic data related to the matrix elements may also be 

taken into account.
● Experimental γ-ray yields are integrated over the θscatt and energy 

range of incident projectile.
● Includes effects influencing γ-ray yields: internal conversion, size of 

Ge, deorientation effect, γ-ray angular distribution.
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The fitting procedure is continued, until the convergence of the χ2 is achieved and the set of
matrix elements optimally reproduce the experimental data. 

 



  

Schematic illustration of a typical Coulomb excitation setup.

● Double-sided silicon detector DSSD placed at forward angles to cover a large range of θCMscatt
● Recoil or projectile nuclei detected, identified by the energy deposited – kinematics of the 
  scattering process reconstruction.

● Ge array MINIBALL (granuality: 8 x 3 x 6 = 144 segments)

8 clusters (θ, Φ) defined in GOSIA

● 188
80Hg beam bombarding 107

47Ag target
● Ebeam (535.8 MeV) < Esafe (θscatt=52o) 
 

DSSD

G
e

Ge cluster

θLAB  ≈ 15o - 52o  
DSSD

MINIBALL



  

SECTIONS:

0.   header files – additional files: experimental yields, fitted ME,...
1. LEVE – level scheme of the investigated nucleus
2. ME – set of matrix elements  
3. EXPT – definition of the experimental condition for each of the experiments to be analyzed

      (ZP/T, AP/T, mean θscatt and Ebombarding)

4. OP,YIEL – calculation of the γ – ray yields following Coulomb excitation:

i. first part: ICC, γ – ray detectors description (θ,Φ)
ii. second part: additional informations required for fitting: 

normalization constants, BR, τ, δ(E2/M1), known ME 

5. OP,RAW – declaration of the efficiency curves of all Ge, summation over a set of γ detectors.

6. OP,STAR – calculate the Coulomb excitation amplitudes and cross sections 

7. OP,POIN – to calculate the Coulomb excitation and deexcitation point γ – ray yields at one 
     mean θscatt and one Ebombarding (specified in EXPT)

8. OP,INTG – to integrate the deexcitation γ – ray yields over the θscatt and energy loss in the 
     target. Produces integrated yields that are used for realistic comparison with
     experimental data.

9. OP,MINI – execution of the least-squares fitting of matrix elements to the experimental data

GOSIA's INPUT 



  

OP,FILE
22,3,1
188hg107ag_px.out
14,3,1
dum.14
15,3,1
dum.15
17,3,1
dum.17
18,3,1
dum.18
12,3,1
theo_min.me
9,3,1
miniball_gdet.f9  
8,3,1
miniball_gdet.f8       
3,3,1
188hg107ag_px.yie       
4,3,1
188hg107ag_px.cor       
7,3,1
188hg107ag_px_mz.map
0,0,0
OP,TITL
Beam Excitation 188Hg, target 107Ag
OP,GOSI
LEVE
1,1,0,0
.
.
.
0,0,0,0

Beginning ...
output

fitted matrix elements

absorption coeff. to reproduce γ energy dependence
of the detector efficiency

Attenuation factor -  to reproduce experimental γ-ray angular 
distribution a finite size of Ge has to be taken into account.

experimental γ-ray yields not efficiency corrected



  

OP,FILE
22,3,1
GDET.out
9,3,1
miniball_gdet.f9
8,3,1
miniball_gdet.f8
0,0,0
OP,TITL
GDET
OP,GDET
-23
0.05, 3.4, 7.8, 11.0 !1
0,0,0,0,0,0,0
0.05, 3.4, 7.8, 11.0 !2
0,0,0,0,0,0,0
0.05, 3.4, 7.8, 11.0 !3
0,0,0,0,0,0,0
.
.
.
0.05, 3.4, 7.8, 11.0 !22
0,0,0,0,0,0,0
0.05, 3.4, 7.8, 11.0 !23
0,0,0,0,0,0,0
OP,EXIT

Number of γ detectors (nr. of Miniball's clusters) 

OP,GDET – to create a files which contains the data 
needed to reproduce experimental γ – ray angular 
distribution (finite size of Ge and absorption mechanism 
have to be taken into account)

The radius of inactive core

The radius of active core

The length of crystal

The distance from the taget



  

Level scheme definition

1

2

3

4
5

6

188Hg

LEVE
  1, 1, 0, 0. !  nr, parity, spin, energy [MeV]
  2, 1, 2, 0.413
  .
  .
  .
  0, 0, 0, 0     !  input termination   



megen
generation of matrix elements set

   Apply γ transition selection rules to create a 
set of all possible matrix elements involved 
in excitation.

• This is easy but takes time and any error will 
corrupt the results of simulation!

• megen -  a simple code to do the job which uses 
data in GOSIA format.



megen
generation of matrix elements set

parity

level 
number

spin

level 
energy
[MeV]

input termination

 1, 1, 0., 0.
 2, 1, 2., 0.413
 3, 1, 4. ,1.005
 4, 1, 0., 0.825
 5, 1, 2., 0.881
 6, 1, 4., 1.208
 0,0,0,0

levels.inp

megen 
input



 

 1
 Create setup for this multipolarity (y/n)
n
 2
Create setup for this multipolarity (y/n)
y
 Do you want them coupled ?
n
 Please give limit value
-1.5 1.5
 3
 Create setup for this multipolarity (y/n)
n
(…)
 7
 Create setup for this multipolarity (y/n)
y
 Do you want them coupled ?
n
 Please give limit value
-1 1
 8
 Create setup for this multipolarity (y/n)
n

megen
generation of matrix elements set

E2

M1



me.out
2 0 0 0 0 
  1  2 1   1.5  -1.5 
  1  5 1   1.5  -1.5 
  2  2 1   1.5  -1.5 
  2  3 1   1.5  -1.5 
  2  4 1   1.5  -1.5 
  2  5 1   1.5  -1.5 
  2  6 1   1.5  -1.5 
  3  3 1   1.5  -1.5 
  3  5 1   1.5  -1.5 
  3  6 1   1.5  -1.5 
  4  5 1   1.5  -1.5 
  5  5 1   1.5  -1.5 
  5  6 1   1.5  -1.5 
  6  6 1   1.5  -1.5 
 7 0 0 0 0 
  2  2 1   1.0  -1.0 
  2  5 1   1.0  -1.0 
  3  3 1   1.0  -1.0 
  3  6 1   1.0  -1.0 
  5  5 1   1.0  -1.0 
  6  6 1   1.0  -1.0 
 0 0 0 0 0 

initial level | final level | starting value (1) | low limit | high limit

E2

M1

megen 
output



How to get a starting value of 
matrix elements?

● Check the literature for published values
● Get all the available spectroscopic data 

(lifetimes, E2/M1 mixing ratios, branching ratios)
● Ask a theoretician

● Use OP,THEO to generate the rest from 
rotational model

● Do some fitting with spectroscopic data only



OP,THEO
generation of a starting point

From the GOSIA manual:
www.slcj.uw.edu.pl/en/gosia/2008manual.pdf
● OP, THEO generates only the matrix specified in 

the ME input and writes them to the (...) file.
● For in-band or equal-K interband transitions only 

one (intrinsic moment for a given multipolarity) 
marked Q1 is relevant. For non-equal K values 
generally two moments with the projections equal 
to the sum and difference of K’s are required (Q1 
and Q2), unless one of the K’s is zero, when again 
only Q1 is needed. 

● For the K-forbidden transitions a three parameter 
Mikhailov formula is used.



OP,THEO for 188Hg
OP,THEO
2
0,3
1,2,3
0,3
4,5,6
2
1,1
Q1,0,0
1,2
Q1,0,0
2,2
Q1,0,0
0,0
0  

number of bands (2)
First band, K and number of states
band member indices
Second band, K and number of states
Multipolarity E2
Bands 1 and 1 (in-band)
Moment Q1 of the rotational band

1

2

3

4
5

6

188Hg

band 1 band 2

end of band-band 
input

end of multipolarities loop

016
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Before minimisation ...
● Let’s assume we have some best possible 

starting set of matrix elements.
● Using this matrix elements GOSIA 

calculates gamma ray yields.
● What is the GOSIA yield ?
● Point yield and integrated yield


