
  

The GAMKA spectrometer

Nico Orce 
INTRANS 2024 WORKSHOP

https://www.youtube.com/watch?v=wxLRLOtXwmM


First University for coloured people in South Africa (founded in 1960)



  

Largest single grant given by the NRF in a competitive call (+2M€) for a new g-ray spectrometer 
New funding instrument for Strategic Research Equipment (SRE). PI: Nico Orce

The name GAMKA (Lion in Khoisan language) was elected  by the Physics Users in 2012. 
A name that symbolized decolonization, SA pride and ownership



  

Design of the Dandelion (‘dent de lion') 
Frame: Poster by Shaun Hendricks

https://www.youtube.com/watch?v=ucnCQDrpNQk 
https://www.youtube.com/watch?v=wxLRLOtXwmM

       https://github.com/UWCNuclear/
             https://nuclear.uwc.ac.za/   

https://www.youtube.com/watch?v=ucnCQDrpNQk
https://www.youtube.com/watch?v=wxLRLOtXwmM
https://github.com/UWCNuclear/
https://nuclear.uwc.ac.za/


  

Shaun’s further involvement @ IDS/CERN



  

In October 2012 I was elected by the Physics Users @ iThemba LABS 
with the mandate to lead the design/building/funding of a new g-ray spectrometer 

Combination of high-resolution + high-efficiency gamma detectors in flexible configurations to 
accommodate a wide range of nuclear physics and nuclear astrophysics phenomena: nuclear 
deformation and collectivity, high spin, short nuclear lifetimes, angular distributions, photon strength 
functions, nuclear polarizability and giant dipole resonances  NEP rejected→  (too much money!)            
         

AFRODITE ~20 years old

Needed a new array 
to be competitive worldwide

Once upon a time



Gammasphere

GRETA @ FRIB, ANLTIGRESS

“Keep the dream alive”, late Danny Adams 
(Chief Director: Basic Sciences & Infrastructure@ DSI)

AGATA @ GANIL, LNL, GSI

GAMKA @ iThemba LABS



  



 Tastes of Nuclear Physics @ UWC/SU/UZ
John Wood, Steve Yates, Berta Rubio, Maria Garcia Borge, Alejandro Algora, Paul Garrett, Magda Zielinska, 

Dan Doherty, David Jenkins, Mark Riley, Paul-Henri Heenen, Kike Nacher, Peter Butler, Eric Norman, 
Emanuele Vardaci, John Sharpey-Schafer, Elena Lawrie, Nico Orce, Kobus Lawrie, Pawel Napiorkowski,

Ale Pastore, Alexis Diaz Torres, Xavier Roca-Maza, Jorge Piekarewicz, Calors Bertulani, Adriana Banu, Krish 
Baruth-Ram, Mitch Allmond, Werner Richter, Paul Papka, Sifiso Ntshangase, our students and others



  

New GAMKA spectrometer: proposal
● 4 clovers and 3 BGO shield → making up to 17 shielded clovers (including factory refurbishment of clovers)
● 17 large (89 mm diameter x 203 mm) LaBr3 detectors → making up to 23 LaBr3 
● 2 frames for two different beam lines: K600 line (Soccerball frame) and AFRODITE (Dandelion frame)
● XIA digital electronics (500 MHz)
● HV, LN2 liquefier system

Frames:
●  versatile
●  shielded (unshielded) clovers
●  large LaBr3 for efficiency
●  small LaBr3 for lifetimes
●  LEPS (segmented Planar HPGe) for low-energy gammas
●  optimized for clover efficiency, clover + LaBr3 efficiency, 
     number of independent angles,  clover P/T

Target Chambers:    
●  smaller 170mm diameter for increased efficiency
●  larger, 200mm diameter to hold Si detectors



  

GEANT4 Simulations (by Elena Lawrie,  Walid Yahia-Cherif, Kobus Lawrie) 
Aim: To optimize the performance of the gamma-ray array for different types of research.

Construct Geometry 
       different detectors 
       positions in space (for different combinations and angles)

Emit g rays
         g rays at 1, 5 and 10 MeV 
         Isotropic sources (60Co, 152Eu)
         coincident g rays – cascades or sources (60Co, 152Eu)
         with any given angular distribution 

Track interaction in all materials
       (Photo electric effect, Compton scattering , Pair formation)

Record energy deposition
       for each detector  and for sum of all  
          clovers with or without Compton suppression
          clovers with or without add-back 
             (add-back: summed energy over 4 crystals in a clover)  

Escape
Suppression

Add-back

Compton Scattering



  

GEANT simulation of sources



  

Dandelion – option 1

EFFICIENCY 1 MeV 5 MeV 10 MeV

17 Clovers
Collimator 35x35
Collimator 40x40

4.85%
5.59%

1.32%
1.47%

0.56%
0.59%

8 Large LaBr3 4.48% 1.93% 1.13%

8 Small LaBr3 1.92%

30.75o 70.25o 109.75o 149.25o

135o90o45o

125o55o
      Physics:
● High-spins states, 

spins, parity, mixing 
ratios, matrix 
elements

● Clovers + S3 silicon 
detectors for 
Coulomb Excitation

      Detectors:
 18 suppressed clovers
   8 large or small LaBr3 or LEPS

Distances:
Clovers @ 194mm to crystal 
(102mm to collimator)
Large LaBr3:  at 183mm to cap
Small LaBr3:  at 102mm to cap

Chamber: 200mm diameter
Beam pipe: 40 mm diameter

Peak/Total at 1 MeV:   
35x35mm Collimator 67.4%
40x40mm Collimator 66.7%
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W

Angular Distribution Simulation (by Elena Lawrie, Kobus Lawrie, Gugu Mtembu)

W() =a0 + a2P2(cos ) + a4P4(cos ) 

747 keV  17/2- → 15/2- in 135Pr
M1/E2 with  = -0.47 and -1.24
(two possible values that give different
interpretations) 

Calculated a2 and a4  for  =-0.47
Simulate emission with calculated  W() 
for 18 clovers in dandelion frame with 5% 
error

Compare with calculated W() for  
 =-0.47 and -1.24



  

GAMKA Business Plan for Strategic Research Equipment (SRE)
100s of pages, thousands of files, sections, subsections, appendixes, various science cases,  

finances, steering, OC, NRF, UWC meetings, reports, NRF defense,…, many years of solid work. 



  

GAMKA gantt chart – according to plan 



2MC5H5 + Ni(II) Ni

M=Na, K

Ntombi Kheswa (PhD), Rainer Thomae and the Accelerator Group at iThemba LABS, Rudolph Nchodu 
(iThemba LABS), Salam Titinchi (Chemistry, UWC) and Nico Orce (UWC)

Development of new beams @ iThemba LABS 
Organometallic Chemistry using MIVOC method to accelerate exotic stable beams  

Enriched isotopic material in powder form  
needed (Rainer Thomae)
Organometallic chemistry (new chemistry lab 
available @ TLABS)
Inject enriched compound into the new 
injection system of the HMI ECRIS4 ion source 
Lots of new beams (Ni, Ru, Pd, Pt, Sm, Mg, etc)
New Physics (lifetimes in inverse kinematics, 
second-order effects in  Coulomb excitation,  
strength functions, etc)



Synthesising samples characterised by investigating their crystal structure and bonding arrangements 
by X-ray diffraction (XRD), Fourier Transform Infrared (FT-IR) spectroscopy, and 1H NMR

Chemistry lab @ TLABS (Ntombi's PhD)

Enriched-62Ni nickelocene

  Beam currents ~ 30 A for both μ 60Ni and 62Ni   → optimum for physics measurements!

Nickelocene step by step synthesis from Nickel Chloride to Hexaaminenickelchloride to nickelocene 

m/q spectrumCommercial (natural ) nickelocene

m/q spectrum



Possible organometallic materials for MIVOC method

Lots of new beams (Ni, Ru, Pd, Pt, Sm, Mg, etc) though MIVOC method with enriched isotopic material 
(60-62Ni beams by N. Kheswa, PhD @ UWC/iThemba LABS) 

Broadening the Science Cases for MScs and PhDs  @ iThemba LABS

Some of the enriched metal ion beams produced in JYFL 
(Finland), GANIL (France) and JINR (Russia) using metallocenes 



New pipeline for Coulomb-excitation measurements 
using particle-gamma coincidences @ iThemba LABS 

3xS3 detectors + adapters, 6xMPR-32 preamps, 1xMHV-4, feedthrough cables, computers, 
sorting and Coulomb-excitation codes, GEANT, GOSIA, 20Ne, 36,40Ar, 32S, 60,62Ni experiments, 

4 postdocs, flexible chamber+ extension + feedthroughs, new beam development (60-62Ni, 102Ru), 
PIXIE-16, DAQ digital system, +15 completed MSc+PhD theses (machine learning, big data, academia,...)

First successful measurements in April-May 2016
Orce et al., PRC 104, L061305 (2021)  → Proof of Principle



MANDELA partly to support GAMKA-based research
● Digitizers: XIA Pixie-16 250 MHz 12bit, 
●                    CAEN DT5730S 500 MS/s, DT5742 5 GS/s
● Ionization chamber (beam purity, beam energy loss)
● PET scanners for nuclear imaging
● GEANT on the Cloud
● CsI array @ forward angles
● Segmented SiC detectors

Global Challenge Research Funds (STFC/UK/York) 

Modern nuclear 
laboratories built 
@ UWC and UZ

https://www.youtube.com/watch?v=lrPJbtLgoWE


Nine well-trained SA students came to CERN in July 2017 to run what CERN 
called the Ubuntu experiment. PhD awarded to Kenzo Abrahams (2021)

https://home.cern/news/news/experiments/ubuntu-powerful-motto-important-experiment 

Other Coulomb-excitation measurements @ HIE-ISOLDE, TRIUMF, MLL

https://home.cern/news/news/experiments/ubuntu-powerful-motto-important-experiment


First Pre-GAMKA experiments with the soccerball frame 

SEARCH FOR THE LOSS PARADIGM OF SURFACE VIBRATIONS. 
Spokesperson: Nico Orce

designed by Paul Papka and manufactured @ SAAO



Successful delivery of enriched 60-62Ni beams in October-November 2019
Search for the loss paradigm of surface vibrations in the Ni isotopes

60Ni9+ 60Ni8+

60Ni7+

60Ni6+



More data analysis
Paradigm of Surface Vibrations in 62Ni 

Successful delivery of enriched 60-62Ni beams in October-November 2019
Proof of Principle (PhD awarded to Ntombi Kheswa)

https://www.youtube.com/watch?v=COcTft39CGg&t=29s
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Dandelion frame design & construction

Design:  Shaun Hendricks
Construction:  



  

Commissioned in May 2021
Currently fixing the base and pillars



  

“the notable progress of the NRF-funded GAMKA project” 

https://nuclear.uwc.ac.za/index.php/gamka 

https://nuclear.uwc.ac.za/index.php/gamka
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https://academic.oup.com/mnras/article-abstract/525/4/6249/7259922
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