
Production and spectroscopic investigation
of new neutron-rich isotopes near the
neutron N=126 shell closure using the

multinucleon transfer reactions

I. Kulikov
CERN, 1211 Geneva, Switzerland

and
V. Vedeneev

JINR, Joliot Curie 6, 141980, Dubna, Russia

November 15, 2020

Abstract

The MASHA setup stands for Mass Analyzer of Super Heavy Atoms. The ap-
paratus has a resolving power of about 1700 and uses the so-called ISOL (Isotope
Separation On-Line) method to separate the reaction products. The project has
been denoted to the analysis of the data collected from multi-nucleon transfer reac-
tions of 40Ar+144Sm→ 186−xnHg+xn and 48Ca+242Pu→ 220−xnRn+xn and to the
performance of the position-sensitive detector based in the focal plane of the MASHA
setup. For the data analysis, two programs have been written in Python language.
The results of the program are energies of the α-active Hg and Rn isotopes. These
energies were compared to the tabulated values, and no deviations have been found.
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1 Introduction

The island of stability is a place on the nuclear chart with a set of isotopes of superheavy el-

ements which considered to be long-lived compare to the known isotopes of these elements.

These superheavy elements have been carefully investigated at many nuclear facilities. To

list some of them - Joint Institute for Nuclear research(1), GSI Helmholzzentrum fur Schw-

erionenforschung and Lawrence Berkeley National Laboratory. Since these super heavy

elements’ production rate is extremely low, the identification and characterization of them

require knowledge in both chemistry and nuclear physic fields(2),(3).

The project’s main goal was to analyze the heavy neutron-rich nuclei near the N=126

neutron shell closure(4). The 180−185Hg(5), 201−205Rn and 212,218,219Rn nuclei has been pro-

duced in multi-nucleon transfer reactions of 40Ar+144Sm→ 186−xnHg+xn and 48Ca+242Pu

→ 220−xnRn+xn. The products of the reactions were separated by use of Isotope Separator

Online(ISOL) technique, and they have been detected by multi-channel Si detector based

in the focal of the MASHA apparatus.(6)

The report consists of three parts. The first part describes MASHA spectrometer.

The second part denotes the data analysis procedure. The main results of the project are

summarized in the conclusion section. The developed code for the analysis is listed and

explained in the appendix section.

2 MASHA spectrometer

The main parts of the MASHA mass spectrometer are shown in fig.1. The ion beam of

hundreds of MeV energy passes the rotating target and then, the reaction products and

the uninterrupted beam stops inside the hot catcher. The hot catcher by itself is a very

complex system. The Faraday cup and the pick-up detector has been installed to measure

the beam intensity. The pick-up sensor represents an electrically isolated disc with the

hole at the center, which allow the products pass it and gather secondary electrons emitted

from target. It gives the uninterruptible method of beam intensity measurement. The

energy of the beam accumulates on the target inside of the hot catcher. Next, neutral

atoms diffuse out from the polygraphene structure of the hot-catcher and get ionized by
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Figure 1: The basic layout of the MASHA mass spectrometer. For detailed description see

the text

the use of electron cyclotron resonance (ECR) ion source. The incoming products of nuclear

reaction get ionized to Q = +1 by applying the ultra-high frequency of 2.45GHz to the

energy of 38 keV. The actual mass separation happens in the system of a magneto-optical

mass-to-charge ration analyzer, which consists of four dipole magnets (D1, D2, D3a, D3b),

three quadrupole lenses (Q1-Q3), and two sextupole lenses (S1, S2). The resolving power

of the system easily reaches M
∆M

=1700. The ions of interest are focused on the focal plane

and get detected by a multi-channel Si detector. The front panel of the silicon detector

system has 192 strips covered by copper and has an energy resolution of about 30 keV. In

order to increase the geometrical efficiency of α-decay products, four additional detector

panel has been installed on top-bottom and right-left sides of the front detector panel. This

allows detecting 90% of the α-particles. The signals from the detector have been recorded

by the unique signal-diagnostic system, described in details here (7).

3 Data analysis

The following section describes the data analysis procedure of super heavy Hg and Rn

isotopes and the main results. For the data analysis gathering, two programs have been

written in Python language. The first program identifies the peaks on the strip detector

and fits the data with three different fit functions of choice. The second program builds

the heat map.

For the peak analyzer, the first step is to create the database for the analysis. The files
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have been downloaded by the use of the special python package named Pandas. The data

consists of two columns (the energy and the counts). The typical spectrum is shown in

fig.2. To find the peaks, another spatial python package has been used, namely peakutils.

This function asks two parameters, the threshold of the peak and the minimum distance

between peaks. After the identification, peaks can be fitted by free different functions.

The most straightforward fit function is Gaussian. However, the shape of the peak has an

asymmetry. The peak looks more like a combination of Gaussian (right side of the peak)

and an exponent (left side of the peak). The literature on the peak shape of α-decays

suggests to build the exponential Gaussian hybrid fit function(8),(9). This fit function has

fitted most of the peaks. Another case is double structured peaks. This shape can be

explained by the fact that some isotopes can endure the α-decay from a different energy

level. Therefore, one isotope can have multiple α-decays. The smaller peaks sit on the tail

of the most probable α-decay channel. Therefore, to fit such a peak, a particular function

was built. It is the sum of a Gaussian and a simple a*x+b line. The peakutils based on

the least square minimization method and provides only the systematic uncertainty. The

rest of the algorithm is used to build the graphs.

The second step in the data analysis procedure was to build a heat map. For this

purpose, the seaborn package has been used. The program makes identification of peaks in

the M*N matrix in x and y-direction. X corresponds to the strip number, Y corresponds

to the energy channel. After, the program asks the user for a strip number to perform the

calibration of the energy. The calibration is done in such a way: the strip has to have at

least two peaks. After peaks are found, and the strip is chosen, the program calculates

the scale division’s value (y2-y1)/(number of channels between two peaks). By this, the

program calibrates the y-axis. There was an idea to do calibration using linear extrapolation

E=a*x+b, where x is a strip number, and E is energy on y-axes. However, due to the

asymmetry of the M*N matrix, it could not be performed, and a more straightforward

solution has been used.
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Figure 2: The heat map of 180Hg ions
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Figure 3: The heat map of 201−205Rn ions

0 8 16 24 32 40 48 56 64 72 80 88 96 104112120
Strip number

7582

7338

7095

6851

6608

6365

6121

En
er

gy
, k

ev

212Rn

219Rn

48Ca + 242Pu

0

200

400

600

800

Co
un

ts

Figure 4: The heat map of 212,218,219Rn ions
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The results of the data analysis of 180−185Hg, 201−205Rn and 212,218,219Rn nuclei are

listed in table 1-3. The literature values are taken from the nuclear chart. The graphs of

the identification procedure have been summarized in the appendix section, as well as the

results of the fitting. Fig. 3-5 shows the results as a heat map.

7



Table 1: Summary of the data investigation on Hg isotopes

Energy, keV

Nuclide Counts Experiment Literature

180Hg 57 6111.1(14) 6119

176Pt 27 5746(2) 5753

181Hg 217 5997.7(9) 6006

177Pt 54 5497.7(11) 5517

182Hg 553 5871.9(11) 5867

182Hg 18 5697.5(36) 5700

178Pt 19 5452.0(17) 5446

183Hg 601 5902.4(9) 5904

183Au 10 5328.6(80) 5346

184Hg 222 5531.8(10) 5535

184Tl 21 6029.7(13) 5988

185Hg 1628 5657(1.7) 5653

185Au 50 5094.8(34) 5069

8



Table 2: Summary of the data investigation on Rn isotopes

Energy, keV

Nuclide Counts Experiment Literature

201Rn 1674 6780.8(8) 6773

197Po 1083 6397(16) 6383

197Po 402 6278(30) 6281

202Rn 1946 6642.6(7) 6640

198Po 860 6191.4(13) 6182

203Rn 231 6498.3(16) 6499

203Rn 608 6561.4(12) 6549

199Po 31 5961.9(27) 5952

199Po 146 6066.7(13) 6059

204Rn 193 6412.7(8) 6419

200Po 15 5848.4(34) 5862

205Rn 40 6261(11) 6268

201Po 6 5771.2(75) 5786

205At 18 5904.6(41) 5902
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Table 3: Summary of the data investigation on Rn isotopes

Energy, keV

Nuclide Counts Experiment Literature

212Rn 1139 6258.9(12) 6264

218Rn 7 7110.8(36) 7129

214Po 6 7658(3.9) 7687

222Ra 8 6586.8(39) 6559

210Po 7 5268.4(139) 5280

246Es 8 7356.3(14) 7360

219Rn 454 6811.4(13) 6819

215Po 450 7379.4(8) 7386

211Bi 338 6630.7(37) 6623

227Pa 84 6447.6(87) 6465

231Np 84 6292.9(65) 6258
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4 Conclusion

The literature overview of new neutron-rich isotopes near N=126 shell closure and the

literature overview about the MASHA mass spectrometer has been performed. The data

analysis of 180−185Hg, 201−205Rn and 212,218,219Rn was made. Two programs have been

written in python language. The first is used for finding and fitting the peaks. The second

one is used to build the heat map. Three different fit functions were written to perform

the fitting. The inspiration for fit functions was found in the additional literature sources.

The results of the data analysis are the α-decay. They have been compared to the values

provided by the Nuclear Chart, and no deviations were found.
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A Appendix

A.1 The peak identification and results of the fitting
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Figure 5: The energy spectrum of 180−185Hg ions.
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Figure 6: The energy spectrum of 201−205Rn ions.
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Figure 7: The energy spectrum of 212,218,219Rn ions.
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Figure 8: The fit of 176Pt and 180Hg ions.
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Figure 9: The fit of 177Pt and 181Hg ions.
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Figure 10: The fit of 178Pt and 182Hg ions.
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Figure 11: The fit of 183Au and 183Hg ions.
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Figure 12: The fit of 184T l and 184Hg ions.
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Figure 13: The fit of 185Au and 185Hg ions.
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Figure 14: The fit of 197Po and 201Rn ions.
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Figure 15: The fit of 198Po and 202Rn ions.
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Figure 16: The fit of 199Po and 203Rn ions.
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Figure 17: The fit of 200Po and 204Rn ions.
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Figure 18: The fit of 201Po, 205At, 205Rn ions.
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Figure 19: The fit of 212Rn ions.
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Figure 20: The fit of 210Po, 222Ra, 218Rn, 246Es, 214Po ions.
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Figure 21: The fit of 231Np, 227Pa, 211Bi, 219Rn, 215Po ions.

A.2 Peak finder-analyzer

# −∗− coding : u t f −8 −∗−
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”””

Created on Tue Oct 13 21 :38 :39 2020

@author : Ivan

”””

import pandas as pd

import matp lo t l i b . pyplot as p l t

import numpy as np

import p e a k u t i l s

from s c ipy . opt imize import c u r v e f i t

from s c ipy import s p e c i a l

from matp lo t l i b import rc

rc ( ’ f ont ’ ,∗∗{ ’ f ami ly ’ : ’ sans−s e r i f ’ , ’ sans−s e r i f ’ : [ ’ He lve t i c a ’ ] } )

#read the data and take on ly the mean ing fu l l par t

f i l e n a m e=input ( ’ P lease ente r the f i l e name o f the dat format > ’ )

data = pd . r ead c sv ( f i l e n a m e + ’ . dat ’ , sep=’ ’ , dec imal=’ , ’ , f l o a t p r e c i s i o n=’ high ’ , header=None )

data . columns=[” energy ” , ” counts ” ]

data . energy=data . energy ∗10

data [ data<0]=0

# parameters o f the peak es t imator and loop o f e s t ima t i on

while True :

th r e sho ld = f loat ( input ( ’The th r e sho ld f o r the peak e s t imat i on \n number between 0 and 1 > ’ ) )

minimum distanse=f loat ( input ( ’Minimum d i s t ance between peaks > ’ ) )

#f ind the peaks

cb = np . array ( data . counts )
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peaks = p e a k u t i l s . indexes ( cb , th r e s=thresho ld , min d i s t=minimum distanse )

peaks= pd . DataFrame ( data , index=peaks )

#p l o t the data

f i g , ax = p l t . subp lo t s ( )

print ( ’ Energy range to p l o t the graph ’ )

x min=f loat ( input ( ’ x min > ’ ) )

x max=f loat ( input ( ’ x max > ’ ) )

print ( ’ Counts range to p l o t the graph ’ )

y min=f loat ( input ( ’ y min > ’ ) )

y max=f loat ( input ( ’ y max > ’ ) )

#p l t . t e x t (5050 , 150 , ’$ˆ{185}Au {5/2−}$ \n ’ ’ $E {\u03B1}$=5069 keV ’)

ax . t i ck params ( a x i s=’ both ’ , d i r e c t i o n=’ out ’ , top=True , r i g h t=True )

ax . s e t t i t l e ( ’ $ˆ{48}Ca+ˆ{242}Pu$ ’ , f o n t s i z e =20)

p l t . s t ep ( data . energy , data . counts , c=’ b lack ’ , alpha =0.7)

p l t . s c a t t e r ( peaks . energy , peaks . counts , c=’ red ’ , marker=’ ∗ ’ , a lpha=1)

ax . s e t y l a b e l ( ’ Counts ’ , f o n t s i z e =18)

ax . s e t x l a b e l ( ’ Energy , keV ’ , f o n t s i z e =18)

p l t . yl im ( y min , y max )

p l t . xl im ( x min , x max )

p l t . l egend ( ( ’ Data ’ , ’ Peaks ’ ) , l o c=’ upper l e f t ’ )

while True :

i s o t o p e s = input ( ”add the name o f the i s ope on p lo t ? y/n > ” )

i f i s o t o p e s ==”y” :

name=input ( ”name o f the i s o t o p e > ” )

x pos= f loat ( input ( ”x p o s i t i o n on the p l o t > ” ) )

y pos=f loat ( input ( ”y p o s i t i o n on the p l o t > ” ) )

ener=input ( ” alpha energy > ” )
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p l t . t ex t ( x pos , y pos , name + ’\n $E {\u03B1}=$ ’ + ener )

i f i s o t o p e s == ”n” :

break

sav ing=input ( ’ Save the p l o t ? y/n > ’ )

i f sav ing ==”y” :

p l t . t i g h t l a y o u t ( )

p l t . s a v e f i g ( f i l e n a m e + ” . pdf ” )

p l t . show ( )

else :

p l t . show ( )

cont = input ( ”Repeat the peak f i n d i n g and p l o t i n g ? y/n > ” )

i f cont == ”n” :

break

print ( ’ I d e n t i f i e d peaks \n ’ )

peaks=peaks . r e s e t i n d e x ( )

peaks=peaks . drop ( [ ’ index ’ ] , a x i s =1)

print ( peaks )

#peak f i t t i n g

def l i n e g a u s (x , amplitude , mean , stddev , s lope , i n c r ) :

return amplitude ∗1/( stddev ∗np . s q r t (2∗np . p i ) ) ∗ np . exp ( −0.5∗(( x − mean)/ stddev )∗∗2)+ s l ope ∗x+i n c r

def gaus (x , amplitude , mean , stddev ) :

return amplitude ∗1/( stddev ∗np . s q r t (2∗np . p i ) ) ∗ np . exp ( −0.5∗(( x − mean)/ stddev )∗∗2)

def a lpha gaus (x , amplitude , mean , stddev , tau ) :

return amplitude /(2∗ tau ) ∗ np . exp ( ( x − mean)/ tau +0.5∗( stddev / tau )∗∗2)∗ s p e c i a l . e r f c ( (1/ np . s q r t ( 2 ) ) ∗ ( ( x − mean)/ stddev+(stddev / tau ) ) )
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while True :

x=int ( input ( ’The s e r i a l number o f the peak to be f i t t e d > ’ ) )

a=f loat ( input ( ’How much o f the data to f i t ? > ’ ) )

#mu=f l o a t ( input ( ’The aproximate Mean va lue o f the peak > ’ ) )

#s i g=f l o a t ( input ( ’The aproximate Sigma o f the peak > ’ ) )

l e f t g a u s s b o u n d = peaks . energy [ x]−a−30

r ight gauss bound = peaks . energy [ x]+a

#data = pd . r ead c sv ( f i l e name + ’ . dat ’ , sep=’ ’ , decimal = ’ , ’ , f l o a t p r e c i s i o n =’ h igh ’ )

#data . columns=[” energy ” , ” counts ” ]

#data [ data<0]=0

data=data . l o c [ ( data [ ’ energy ’ ] >= l e f t g a u s s b o u n d ) & ( data [ ’ energy ’ ] <= right gauss bound ) ]

x v a l u e s 1 = np . asar ray ( data [ ’ energy ’ ] )

y v a l u e s 1 = np . asar ray ( data [ ’ counts ’ ] )

f i t f u n c t i o n = input ( ”Which func t i on whould you l i k e to use \n Gaussian ( g ) , Gaussian+l i n e ( l g ) or Gaussian+exponent ( ag ) > ” )

i f f i t f u n c t i o n==’ g ’ :

p0 = [max( y v a l u e s 1 ) , np . mean( x v a l u e s 1 ) , np . std ( x v a l u e s 1 ) ]

c o e f f , var matr ix = c u r v e f i t ( gaus , x va lue s 1 , y va lue s 1 , p0=p0 )

h i s t g a u s f i t = gaus ( x va lue s 1 , ∗ c o e f f )

i f f i t f u n c t i o n==’ ag ’ :

tau=f loat ( input ( ’Any idea about tau o f the peak? ( rought ly equa l s to 1 .44∗ h a l f l i f e o f the b i g g e s t peak ) > ’ ) )

p0 = [sum( y v a l u e s 1 ) , np . mean( x v a l u e s 1 ) , np . std ( x v a l u e s 1 ) , tau ]

c o e f f , var matr ix = c u r v e f i t ( a lpha gaus , x va lue s 1 , y va lue s 1 , p0=p0 )

h i s t g a u s f i t = alpha gaus ( x va lue s 1 , ∗ c o e f f )

i f f i t f u n c t i o n==’ l g ’ :

s l ope =( y v a l u e s 1 [0] − y v a l u e s 1 [ len ( y v a l u e s 1 ) −1])/( x v a l u e s 1 [0] − x v a l u e s 1 [ len ( y v a l u e s 1 ) −1])

i n c r=y v a l u e s 1 [0] − s l ope ∗ x v a l u e s 1 [ 0 ]
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p0 = [sum( y v a l u e s 1 ) , np . mean( x v a l u e s 1 ) , np . std ( x v a l u e s 1 ) , s lope , i n c r ]

c o e f f , var matr ix = c u r v e f i t ( l i n e g au s , x va lue s 1 , y va lue s 1 , p0=p0 )

h i s t g a u s f i t = l i n e g a u s ( x va lue s 1 , ∗ c o e f f )

f i g 2 , ax2 = p l t . subp lo t s ( )

p l t . s t ep ( data . energy , data . counts , c=’ b lack ’ )

p l t . p l o t ( x va lue s 1 , h i s t g a u s f i t , ’ red ’ , l i n ew id th =2)

ax2 . t i ck params ( a x i s=’ both ’ , d i r e c t i o n=’ out ’ , top=True , r i g h t=True )

ax2 . s e t t i t l e ( ’ $ˆ{48}Ca+ˆ{242}Pu$ ’ , f o n t s i z e =20)

ax2 . s e t y l a b e l ( ’ Counts ’ , f o n t s i z e =18)

ax2 . s e t x l a b e l ( ’ Energy , keV ’ , f o n t s i z e =18)

s tde r r s i gma gaus = np . s q r t ( var matr ix [ 2 , 2 ] )

s tderr mu gaus = np . s q r t ( var matr ix [ 1 , 1 ] )

a=c o e f f [ 1 ]

b=stderr mu gaus

c=c o e f f [ 2 ]

d=s tde r r s i gma gaus

energy and counts=np . array ( peaks . i l o c [ x ] )

peak parameters=str ( [ energy and counts , a , b ] )

p l t . l egend ( ( ’ Data ’ , ’ F i t ’ ) , l o c=’ upper l e f t ’ )

t i t l e=f i l e n a m e+’ f i t ’ + ’\n$ \mu$=’+str (round( a ,3))+ ’ $\pm$ ’+str (round(b ,3))+ ’\n$ \ sigma$=’+str (round( c ,3))+ ’ $\pm$ ’+str (round(d , 3 ) )

ax2 . s e t t i t l e ( t i t l e )

p l t . yl im (min( data . counts ) , max( data . counts )+10)

sav ing=input ( ’ Save the Fit ? y/n > ’ )

i f sav ing ==”y” :

p l t . t i g h t l a y o u t ( )

p l t . s a v e f i g ( f i l e n a m e+” Peak ”+str ( x)+” . pdf ” )

f i l e 1 = open( f i l e n a m e+” Peak ”+str ( x)+ ” . txt ” , ”w” )#wr i t e mode

f i l e 1 . wr i t e ( peak parameters )

f i l e 1 . c l o s e ( )
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p l t . show ( )

else :

p l t . show ( )

cont = input ( ”Repeat or f i t another peak? y/n > ” )

i f cont == ”n” :

break

A.3 Heat map code

# −∗− coding : u t f −8 −∗−

”””

Created on Fri Oct 16 12 :50 :47 2020

@author : Ivan

”””

import pandas as pd

import matp lo t l i b . pyplot as p l t

import numpy as np

import p e a k u t i l s

import re

import seaborn as sns

from matp lo t l i b import rc

rc ( ’ f ont ’ ,∗∗{ ’ f ami ly ’ : ’ sans−s e r i f ’ , ’ sans−s e r i f ’ : [ ’ He lve t i c a ’ ] } )

#read the data and take on ly the mean ing fu l l par t

f i l e n a m e=input ( ’ P lease ente r the i s o t o p e name to download the matrix> ’ )

data = pd . r ead c sv ( ’ Matrix ’+f i l e n a m e + ’ . dat ’ , sep=’ ’ , dec imal=’ , ’ , f l o a t p r e c i s i o n=’ high ’ , header=None )

data [ data<0]=0

r i g h t i n d e x e s=np . arange ( len ( data . index )−1,−1,−1)

r i g h t i n d e x e s=r i g h t i n d e x e s . astype ( int )
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data=data . s e t i n d e x ( r i g h t i n d e x e s )

data=data . s o r t i n d e x ( a x i s =0)

x =[ ]

f i l e n a m e 1=input ( ’ P lease choose i s o t o p e 0 f o r c o l i b r a t i o n \n f o r example Rn201 Peak 1 > ’ )

with open( f i l e n a m e 1 + ’ . txt ’ , ’ r ’ ) as f :

f i r s t l i n e = f . r e a d l i n e ( )

x=re . f i n d a l l ( ”(?<=[AZaz ] ) ? ( ? ! \ d∗=)[0−9.+−]+” , f i r s t l i n e )

peak 0=pd . DataFrame ( x )

f i l e n a m e 2=input ( ’ P lease choose i s o t o p e 1 f o r c o l i b r a t i o n > ’ )

with open( f i l e n a m e 2 + ’ . txt ’ , ’ r ’ ) as f :

f i r s t l i n e = f . r e a d l i n e ( )

y=re . f i n d a l l ( ”(?<=[AZaz ] ) ? ( ? ! \ d∗=)[0−9.+−]+” , f i r s t l i n e )

peak 1=pd . DataFrame ( y )

’ ’ ’

wh i l e True :

p r i n t ( ’ P lease c r ea t e the square M∗M matrix f o r p l o t t i n g , peak f i n d i n g and c o l i b r a t i o n ’ )

x min=f l o a t ( input ( ’ x min > ’ ) )

x max=f l o a t ( input ( ’ x max > ’ ) )

y min=f l o a t ( input ( ’ y min > ’ ) )

y max=f l o a t ( input ( ’ y max > ’ ) )

x=np . arange ( x min , x max , 1 )

y=np . arange ( y min , y max , 1 )

data=data . take ( x , a x i s=1)

data=data . take (y , a x i s=0)

cont = input (” Repeat the p l o t t i n g ? y/n > ”)

f i g1 , ax1 = p l t . s u b p l o t s ( )

30



ax1 = sns . heatmap ( data , cmap=”g i s t g r a y r ” , cbar kws={’ l a b e l ’ : ’ Counts ’})

ax1 . s e t y t i c k l a b e l s ( ax1 . g e t y t i c k l a b e l s ( ) , r o t a t i on=0)

ax1 . s e t x t i c k l a b e l s ( ax1 . g e t x t i c k l a b e l s ( ) , r o t a t i on=0)

f o r , sp ine in ax1 . sp ine s . i tems ( ) :

sp ine . s e t v i s i b l e (True )

p l t . show ()

i f cont == ”n” :

break

’ ’ ’

a l i s t =[ ]

for i in range (0 , len ( data . index ) ) :

x peaks=np . array ( data . l o c [ i ] )

th r e sho ld= 0 .5

minimum distanse=10

x peaks= p e a k u t i l s . indexes ( x peaks , th r e s=thresho ld , min d i s t=minimum distanse )

#x peaks= pd . DataFrame( data , index=x peaks )

a l i s t . append ( x peaks )

b l i s t =[ ]

for j in range (0 , len ( data . columns ) ) :

y peaks=np . array ( data . i l o c [ : , j ] )

th r e sho ld= 0 .5

minimum distanse=10

y peaks = p e a k u t i l s . indexes ( y peaks , th r e s=thresho ld , min d i s t=minimum distanse )

b l i s t . append ( y peaks )
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d f x = pd . DataFrame ( a l i s t )

d f y = pd . DataFrame ( b l i s t )

d f x=df x . r e s e t i n d e x ( )

d f y=df y . r e s e t i n d e x ( )

d f x=df x . melt ( i d v a r s =[” index ” ] ) . dropna ( a x i s =0). s o r t v a l u e s ( by=[ ’ index ’ ] )

d f y=df y . melt ( i d v a r s =[” index ” ] ) . dropna ( a x i s =0). s o r t v a l u e s ( by=[ ’ index ’ ] )

d f x = df x . rename ( columns={ ’ index ’ : ’ row ’ , ’ va lue ’ : ’ c o l ’ })

d f y = df y . rename ( columns={ ’ index ’ : ’ c o l ’ , ’ va lue ’ : ’ row ’ })

d f x=df x . r e s e t i n d e x ( )

d f y=df y . r e s e t i n d e x ( )

d f x=df x . drop ( [ ’ index ’ ] , a x i s =1)

d f y=df y . drop ( [ ’ index ’ ] , a x i s =1)

d f x=df x . drop ( [ ’ v a r i a b l e ’ ] , a x i s =1)

d f y=df y . drop ( [ ’ v a r i a b l e ’ ] , a x i s =1)

co lumnsTit l e s =[”row” , ” c o l ” ]

d f y=df y . r e index ( columns=co lumnsTit l e s )

f i n a l l i s t =[ ]

for j in range (0 , len ( d f x ) ) :

a=np . array ( d f x . l o c [ j ] )

for i in range (0 , len ( d f y ) ) :

b=np . array ( d f y . l o c [ i ] )

e q u a l a r r a y s =(a==b ) . a l l ( )

i f e q u a l a r r a y s == True :

f i n a l l i s t . append (b)

F ina l peaks = pd . DataFrame ( f i n a l l i s t )

F ina l peaks . columns=[”row” , ” c o l ” ]

row=np . array ( F ina l peaks . row )
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c o l=np . array ( F ina l peaks . c o l )

counts=data . i l o c [ row , c o l ]

#counts . columns = counts . columns .map( s t r )

counts=counts . groupby ( counts . columns , a x i s =1).sum( )

counts=counts . s o r t i n d e x ( a x i s =1)

counts = counts . groupby ( l e v e l =0). l a s t ( )

’ ’ ’

wh i l e True :

s t r i p 1=in t ( input ( ’ P lease i n t e r the aproximate s t r i p number o f peak 0 r e f e r en s e > ’ ) )

s t r i p 2=in t ( input ( ’ P lease i n t e r the aproximate s t r i p number o f peak 1 r e f e r en s e > ’ ) )

b=np . array ( counts . columns )

#equa l a r r a y s 1=( s t r i p 1==b ) . a l l ( )

#equa l a r r a y s 2=( s t r i p 2==b ) . a l l ( )

#pr i n t ( s t r i p 1 )

#pr in t ( s t r i p 2 )

i f s t r i p 1 in b and s t r i p 2 in b :

y1=f l o a t ( peak 0 . l o c [2])# counts . l o c [ : , s t r i p 1 ] . idxmax ( a x i s=1)

y2=f l o a t ( peak 1 . l o c [2])# counts . l o c [ : , s t r i p 2 ] . idxmax ( a x i s=1)

x1=s t r i p 1

x2=s t r i p 2

a1=(y2−y1 )/( x2−x1 )

b1=y1−a1∗x1

p r i n t ( x1 , y1 )

p r i n t ( x2 , y2 )

p r i n t ( a1 , b1 )

p r i n t (” c o l i b r a t i o n f i n i s h e d s u c c e s s f u l l y ”)

e l s e :

i f not s t r i p 1 in b :
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p r i n t (”No such s t r i n g found f o r peak 0 ”)

i f not s t r i p 2 in b :

p r i n t (”No such s t r i n g found f o r peak 1 ”)

cont = input (” Repeat the c o l i b r a t i o n ? y/n > ”)

i f cont == ”n” :

break

’ ’ ’

y1=f loat ( peak 0 . l o c [ 3 ] )#counts . l o c [ : , s t r i p 1 ] . idxmax ( a x i s=1)

y2=f loat ( peak 1 . l o c [ 3 ] )#counts . l o c [ : , s t r i p 2 ] . idxmax ( a x i s=1)

a1=(y2−y1 )/14

#f i r s t e l em e n t=y1−a1∗98

e lement 0=y1−a1∗53

e lement 1=element 0+a1∗ len ( data . index )

c o l i b r a t i o n=np . arange ( element 0 , e lement 1 , a1 )

#co l i b r a t i o n=a1∗ c o l i b r a t i o n

c o l i b r a t i o n=c o l i b r a t i o n . astype ( int )

data=data . s e t i n d e x ( c o l i b r a t i o n )

while True :

f i g , ax = p l t . subp lo t s ( )

#data = data . p i v o t (”Energy ,Mev” , ” S t r i p number” , ” counts ”)

ax = sns . heatmap ( data , cmap=” g i s t g r a y r ” , cbar kws={ ’ l a b e l ’ : ’ Counts ’ })

ax . s e t y t i c k l a b e l s ( ax . g e t y t i c k l a b e l s ( ) , r o t a t i o n =0)

ax . s e t x t i c k l a b e l s ( ax . g e t x t i c k l a b e l s ( ) , r o t a t i o n =0)

for , sp ine in ax . sp i n e s . i tems ( ) :

sp ine . s e t v i s i b l e ( True )

print ( ’ S t r i p range to p l o t the graph ’ )

x min=f loat ( input ( ’ x min > ’ ) )
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x max=f loat ( input ( ’ x max > ’ ) )

print ( ’ Energy range to p l o t the graph ( from 0 u n t i l l enght o f the matrix ) ’ )

y min=f loat ( input ( ’ y min > ’ ) )

y max=f loat ( input ( ’ y max > ’ ) )

p l t . yl im ( y max , y min )

p l t . xl im ( x min , x max )

p l t . x l a b e l ( ” S t r i p number” , f o n t s i z e =18)

p l t . y l a b e l ( ”Energy , kev” , f o n t s i z e =18)

ax . s e t t i t l e ( ”$ˆ{48}Ca+ˆ{242}Pu$” , f o n t s i z e =20)

while True :

i s o t o p e s = input ( ”add the name o f the i s o t o p e on p lo t ? y/n > ” )

i f i s o t o p e s ==”y” :

name=input ( ”name o f the i s o t o p e > ” )

x pos= f loat ( input ( ”x p o s i t i o n on the p l o t > ” ) )

y pos=f loat ( input ( ”y p o s i t i o n on the p l o t > ” ) )

p l t . t ex t ( x pos , y pos , name)

i f i s o t o p e s == ”n” :

break

p l t . t i g h t l a y o u t ( )

p l t . s a v e f i g ( ”Heat map ”+ f i l e n a m e + ” . pdf ” )

p l t . show ( )

cont = input ( ”Repeat the p l o t t i n g ? y/n > ” )

i f cont == ”n” :

break

#de l x , y , f i l e name , f i l e name 1 , f i l e name 2 , f i r s t l i n e , t h r e sho l d , minimum distanse , y peaks , x peaks , a l i s t , b l i s t , F ina l peaks , a , b , co lumnsTi t les , d f x , d f y , e qua l a r rays , f i n a l l i s t , i , j , co l , cont , i s o t ope s , r i g h t i n d e x e s , row , s t r i p 1 , s t r i p 2 , x1 , x2 , x max , x min , y1 , y2 , y max , y min
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