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AIM OF THE PROJECT 
• Acquaintance with MASHA 

– ECR source 

– Rotating target with hot catcher 

– Mass Separator 

– Detector 

• Analysis of Data 

– Plotting Graphs of different isotopes and their alpha decay 

energies 

– Calibration of Mass-energy spectrum 



INTRODUCTION 

• Super heavy elements 

– Stability, island of stability 

– Half life, properties, cross section 

 

• Fusion Reaction 

– Collision and compound nuclei 

– Alpha decays 

• MASHA 

 

• Alpha decay and half life 

 

 



Introduction (cont.) 

[Source:Kelley, L. (2019, March 12). What Is the Island of Stability? Retrieved from https://owlcation.com/stem/What-is-the-Island-of-Stability] 



INTRODUCTION(cont.) 

 

 

 

Target  

nucleus 

Rotation 

Groundstate 

• Fusion Reactions 

[Source:(n.d.). Retrieved from https://www2.lbl.gov/Science-Articles/Archive/dizzy-nuclei.html] 



FLOWCHART FOR EXPERIMENTAL SETUP 

Strip 

Detector 

Target 

Wheel 

Hot 

Catcher 

ECR –Ion source 
(Electron Cyclotron 

Resonance) 

Mass 

Separator 

U400M  

Cyclotron 

Beam (e.g. 48Ca,40Ar) 

Block of rotating targets  

Rotating at ~25Hz 

Graphite thermally heated 

By current to ~18000C 

Product of Fusion reaction 
Conditions: 

   UHF ~2.45GH 

   Charge state of +1 

   Accelerate beam ~38keV 
Ionised Fusion Products 

ISOL of nuclei 

Magneto-optical mass 

analysis 

Separated beam modes of fission fragments, α & β particles, EM(γ) 



Experimental set-up  

MASHA is connected to the U400M Cyclotron at the beam line  

[Source:© 2003 By Default! A Free sample background from Slide 1 JINR SCIENTIFIC COUNCIL 104 th Session, 25 September 2008, Dubna. - 

ppt download. (n.d.). Retrieved from https://slideplayer.com/slide/8410610/] 



Experimental set-up (cont.) 
Schematic diagram of the Hot Catcher and Target Wheel 

1 Catcher Camera 

2. Graphite Stopper  

3. Division foil 

4. Rotating target 



Experimental set-up (cont.) 

Target Wheel: 
• Diameter of disc :140mm 

• Consists of 12 sectors,14mm 

width each and 30mm arc 

length. 

• Grants heat distribution  

 

[Source: Viacheslav, V. (n.d.). Upgrading of MASHA setup. Using the cryogenic gas stopping cell. Lecture presented at JINR Seminar in 

Russia, Dubna.] 



Experimental set-up (cont.) 

[Source: Viacheslav, V. (n.d.). Upgrading of MASHA setup. Using the cryogenic gas stopping cell. Lecture presented at JINR Seminar in 

Russia, Dubna.] 



Electron Cyclotron Resonance (ECR) ion Source 

Principles: 

 

• Ionizes products to 

+1 state 

 

• Energy of ions 38 

keV up to 50 keV 

 

• UHF (Ultra High 

Frequency) wave 

(2.45 GHz) 
 

Experimental set-up (cont.) 

[Source: Viacheslav, V. (n.d.). Upgrading of MASHA setup. Using the cryogenic gas stopping cell. Lecture presented at JINR Seminar in 

Russia, Dubna.] 



Experimental set-up (cont.) 

Electrostatic deflector ES for 

additional  energy separation 

beam transport to the focal 

plane 

Focal plane Silicon Strip 

Detector maintaining 

mass resolution more 

than 1000 times 

Pair of main analysing magnets M3_1 and 

M3_2 is for the mass separation with mass 

resolution more than 1000 and mass acceptance 

being 16 a.m.u 

Bending magnets M2 

for rough separation 

from ions with masses 

A<280 

Bending magnets 

M1 for separation 

of  4He and 48Ca 

Intermediate focus F1 with 

Faraday Cup, Profilemeter, two 

Silicon strip detector and 

separation slit with  

A=A0+/- 8 amu. 

Quadrupole and 

Sextupole 

correcting 

elements Q3, S1 

and S2 

Beam steering and focusing 

elements EC1, Q1 and Q2 MASHA in real life 
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Results and Discussions 
40Ar + 148Sm          188-xn Hg + xn  



4800 5000 5200 5400 5600 5800 6000 6200 6400 6600 6800 7000

0

10000

20000

30000

40000

50000

60000

C
o
u
n
ts

Energy(keV)

182
Hg(10.83s)

E keV [99]

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

0

1000

2000

3000

4000

5000

6000

C
o
u
n
ts

Energy(keV)

183
 Hg(9.4s)

E keV [91]
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3-D plot of the Alpha particles energies versus strip number and counts 

Results and Discussions (cont.) 
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2-D plot of the Alpha particles energies versus strip number 

Results and Discussions (cont.) 
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Results and Discussions (cont.) 
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2-D plot of the Alpha particles energies versus strip number 

Results and Discussions (cont.) 
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3-D plot of the Alpha particles energies versus strip number and counts 

Results and Discussions (cont.) 
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2-D plot of the Alpha particles energies versus strip number 

Results and Discussions (cont.) 

Isotopes of 

Radon Half- life 

213Rn 25ms 

214Rn 0,27µs 

215Rn 2,30µs 

216Rn 45µs 

217Rn 0,54ms 



Conclusion 

• Calibration of the strip detector using pre-recorded data of 

decay chains of the following fusion reaction  was done: 

 

•  40Ar + 148Sm          {188-xn Hg + xn } 

 

• 40Ar + 166 Er        {206-xn Rn + xn } 
 

• Multinucleon transfer reaction of  48Ca + 242Pu          {Rn} 
 

 

 

• MASHA was visited .  Description and functionality of the 

different parts of MASHA was done. 
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