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Low-Energy Enhancement 
First report of enhancement  

E. Tavukcu, Ph.D. thesis, 

North Carolina State 

University, 2002. 

Some experiments do 

not provide conclusive 

evidence. 

Others show that the low-

energy enhancement 

does not exist.  

Continued observations of low-energy enhancement for light- and medium-mass 

nuclei. Much debate over the last decade if the enhancement is real or an artifact. 



Impact of PDR and LE-Enhancement 

S. Goriely, Phys. Lett. B 436, 10 (1998). 

Impact of PR on the r-abundance 

distribution with T=109K and neutron 

density 1020 cm-3. Abundance calculations 

with standard GDR component and the 

GDR+PR strength compared to the solar 

system. Use of GDR produces A~90-110, 

PR accelerates production of A~130 

A.C. Larsen and S. Goriely, Phys. Rev. C 82, 014318 (2010). 

Predictions compared to 

GLO estimates for T=109K 

typical of r-process 

synthesis.  

 

Influence of the 

enhancement on (n,g) 

reaction rates becomes 

more important with 

increase in neutron 

number. 

 

Effect is significant and 

can increase reaction rates 

by order of magnitude 

The low-energy part is particularly important 

for understanding nuclear reactions in 

astrophysical environments.  



Motivation and Experiment 

Application: Impact of astrophysical  

environments on reaction rates? 

 

 
 

 

          Physics:  Does the low-energy enhancement exist?  

    What is its origin? 

             Do we all measure the same thing?  

    Reaction dependence?   

      Validity of the  Axel-Brink Hypothesis?  

 

 

Needed: New experimental approach  
 

Use direct or scattering    Clover and Silicon detectors  

reactions 94Mo(d,p)95Mo.   STARS-LIBERACE at LBNL 

     AFRODITE + Silicon at iTL 

       

http://rst.gsfc.nasa.gov/Sect20/A6.html 

n-capture 

Guttormsen,   

PRC 71, 044307 

(2005).  
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Review: Extracting information 
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Exploiting this equation and assuming dipole transitions dominate: 

NLj(Ei) corrected for efficiencies (event-by-event) and branching ratios. 



204  3/2+ 
766  7/2+ 

786  1/2+ 

821  3/2+ 

948   9/2+ 

1039 1/2+ 

1074 7/2+ 

1370 3/2+ 

1620 3/2+ 

1552 9/2+ 

1426 3/2+ 

1660 3/2+ 

3043 3/2+ 

ELj 

E
γ
 =

 E
i -

 E
L
j 

Ei 

95Mo data 
13 states with enough statistics:  7 states of 3/2+ 

   2 states of 1/2+ 

   2 states of 7/2+ 

   2 states of 9/2+ 

 

Two ways to present the results:  i) χ2 method 

   ii) Ratio method 

95Mo 3/2+ states 



95Mo 3/2+ states comparison 
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M. Guttormsen et al., PRC71, 044307 (2005). 

Each set of intensities, for a given Ei, feeding states of same spin and parity 

originates from:  

1) same level density. 

2) Same spin and energy dependence of (d,p) cross section. 

→ χ2 minimization for each set of points at Ei. 

Ei = 5 MeV data points 



95Mo: χ2 minimization 

95Mo 3/2+ states 
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Excitation Energy (MeV) 

EL1 = 204 3/2+ 

EL2 = 821 3/2+ 

Experiment, Guttormsen  
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24 ratios in total: 

Independent of level density,  

(d,p) cross-section,  

systematic uncertainties 
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Photon strength in 95Mo 

• (d,p) reactions to populate 95Mo. 

• New experimental approach studying statistical decay to individual discrete levels. 

• proton-gamma-gamma coincidences to extract primary transitions. 

• Strength extracted without any model dependencies or assumptions (eg level density). 

• For the first time independent confirmation of the shape of photon strength. 

• Now focus can shift to understanding the underlying mechanism.  



Many open questions need to be answered: 

• Statistical gamma-ray spectra for application purposes (NIF). 

• Is the shape of statistical spectra for a given nucleus reaction dependent? 

• Do different experimental methods yield the same result? 

• What is the origin of the low-energy enhancement? 

• Is the Brink Hypothesis valid? 

 

To tackle these (and more) questions a collaboration was established in 2010: 

 

 

 

 

 

 

 

 

Collaboration Goals 

Collaboration 

White Paper 

(2010): 



• 74Ge to be studied in a series of measurements: 

• Use different beams on 74Ge to populate states (p, 4He, 3He, gamma, n) 

• questions to be answered: is the statistical spectrum independent on incident beam? 

• PSF to individual discrete states in two different reactions using p and 4He beams 

74Ge 

• July 2011 (total of 112 hours)  

• 4 Silicon annular particle detectors with a total of 128 channels and 6 

high-purity Germanium detectors with a total of 24 channels.  

• populated in the reaction 74Ge(p,p’) with 18 MeV.  

• Analysis by B.V. Kheswa (Ph.D. student) at iThemba LABS in South 

Africa. 

• Beam time in November 2012 (218 hours) 

• 2 Silicon W1 particle detectors with 64 channels and 9 Clover 

detectors.  

• populate 74Ge nuclei in the reaction 74Ge(4He,4He’) 47 MeV 

• Analysis by D. Negi (post-doc) at iThemba LABS in South Africa 

Combining these results following individual analyses will be very 

interesting and educational. 
 



74Ge: Ratio Method 
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Extracted quasi-continuum feeding to 7 states (red). Other good candidates are shown in black. 

Total of five 2+ , three 3+, two 3-, five 4+, one 6+ 

χ2 minimization for 2+ and 4+ levels and Ratio Method: 10 for 2+ and 4+, three for 3+, one for 3-   

 

These ratios are independent of level density, cross-section, systematic errors. 
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1204 1204/608 2+ 

1463 867 4+ 

1697 492 3+ 

2165 961 3+ 
2195 993 2+ 

2536 1332/1940 3- 
2569 1105 6+ 
2669 2073 4+ 
2693 1489 (4+) 
2696 999 (2+) 
2828 1131 4+ 
2833 2237 2+ 
2925 1228 (3+) 
2935 1471 3- 
2973 1509 3 
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Excitation Energy (MeV) 

2 3 4 5 6 7 8

R
a

ti
o
 

Excitation Energy (MeV) 

EL1 = 596 2+ 

EL2 = 1204 2+ 

EL1 = 2536 3- 

EL2 = 2935 3- 

Thanks to B.V. Kheswa 



iThemba LABS Cape Town iThemba LABS Gauteng 

Accelerator Mass Spectrometry 

The iThemba Laboratory for Accelerator-Based 

Sciences is a group of multi-disciplinary research 

laboratories administered by the National Research 

Foundation of South Africa. 

Isotope Production, Medical Irradiation, Research. 3 

accelerators (K200 cyclotron, 11 MeV cyclotron and 

3MV Van de Graaff (Materials Research).  

K200 Separated Sector Cyclotron 

iThemba LABS 

http://tlabs.ac.za/gau_intro.htm


Separated-Sector Cyclotron Facility 

Beam time is shared… 



Scattering Chamber:  reaction mechanism studied with 

light and heavy ions. Two movable arms makes it useful 

in measuring angular distribution in different nuclear 

reactions. 

Nuclear Physics 

Quasi-monoenergetic neutrons of energy 10-200 MeV 

produced in the 7Li(p,n)7Be or 9Be(p,n)9B reactions.  

Facility used for physics studies and applications eg. 

Metrology, Environmental Radiation Laboratory  

9 Compton suppressed Clover detectors and 8 

LEPS detectors can be coupled to CSI (DIAMANT), 

recoil detector, annular and square silicon 

detectors, solar cells, Cologne plunger.  

Digital electronics (XIA) as of July 2012. 

K600 used for high resolution (25 keV) measurements in the p 

energy region to 200 MeV.  

Zero degree mode available. 

Flight path for a particle from target to focal plane ~8m.  

Focal plane consists of multi-wire drift chambers and a pair of 

plastic scintillation detectors.  

Dec 2012:  coupled AFRODITE to K600 for the first time. 

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=41mebnpNt1exLM&tbnid=-uf2QtAFJQz4rM:&ved=0CAUQjRw&url=http://www.tlabs.ac.za/nucbeam.htm&ei=AxYSUdG1IYSHswabh4CYAw&bvm=bv.41934586,d.Yms&psig=AFQjCNEUPKhTDMAmPjw9nk-J_SA3i7CAxQ&ust=1360226174464975


K600+AFRODITE 
24Mg(α,α’) at 160 MeV 

15 min with 

0.8pnA on 

2.1mg/cm2 



i. Method to characterize feeding from the quasi-

continuum to discrete states. 

ii. 95Mo data and comparison to Oslo data.   

iii. Confirmation of the low-energy enhancement.  

iv. First theoretical interpretation (talk by E Litvinova). 

v. Investigating reaction dependence of PSF to states 

of different spin/parity in 74Ge. 

vi. Coupling Spectrometer, silicon, and γ-ray detectors 

at iThemba LABS South Africa. 

Conclusion 
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