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The Pandemonium Problem

• β-transitions (mostly Gamow-Teller) feed 
highly excited states

•Many weak β-feedings are followed by the 
cascades of γ-transitions in the daughter 
nucleus

• Weak γ-transitions are very difficult to 
detect with radiation detectors with low 
efficiency

• Hardy et. al. estimated up to 20% of 
energy missed above 1.7MeV

Example
of  the neutron-rich 

parent nucleus (Z,N), 
with many weak 

β-transitions and following 
low intensity 
γ-transitions.K .Rykaczewski “Viewpoint: Conquering nuclear pandemonium” 

November 8, 2010, Physics 3, 94 (2010), DOI: 10.1103/Physics.3.94 
. 
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• 19 NaI(Tl) crystals

• Wrapped to protect NaI but with minimal 
shielding (carbon fiber)

• PMT mounted on both ends
• Yields excellent efficiency across a broad 
range of energies 
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The 

• over 70 fissions products of 238U studied at HRIBF covering 64% of direct 
production and 34% of cumulative yield
• Many were listed as high priority needs for nuclear energy (decay heat) 
applications by Nichols

A.L. Nichols “Nuclear Data Requirements for Decay Heat Calculations”, Lectures given at the Workshop on 
Nuclear Reaction Data and Nuclear Reactors: Physics, Design and Safety”, Trieste, Italy, 25 February - 28 
March 2002.

Experimental Campaigns
Jan. 2012, Mar. 2015, Oct. 2015 - Feb. 2016

Massive effort by MTAS Team! 
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Correcting Beta feeding Using Geant4
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MTAS data

Corrected

ENSDF
Iteratively adjust feedings 
until have good 
agreement between data 
and simulation 
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Shell Model Calculation: 84,85 Br
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The 
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Shell Model Interpretation of 86Br
d5/2 neutron as spectator

Requires 3.9MeV (N=50) shell 
gap

d5/2 neutrons “blocked” to 
make calculation tractable 

Single particle energies –
experimental systematics
(Grave) 

Nushell 56Ni core and jj44bpn interactions
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Data Analysis Methods: 4 New Levels in 
85Br

2 highest known levels at
2031 and 2137keV

1
CITATION :
Nuc lear Data Sheets (2014 )

From NNDC (BNL )
program ENSDAT
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    85Br  ββββ–  Decay  (2 .90 m in)    1975Nu03 ,1975Hu02 ,1971Er15    

3 /2– 0.0 2.90 min

%B–=100
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5Br50

Q–=29054

9 /2+ 0.0 10.739 y

1 /2– 304.88 4.480 h5.1296

1 /2–,3 /2– 1107.326.520.83

5 /2+ 1140.748.00.025

(1 /2,3 /2,5 /2– ) 1166.69

(5 /2– ) 1223.996.600.52

(3 /2+ ) 1342.627.50.048

(5 /2+ ) 1416.587.290.066

(5 /2 )+ 1873.57

(1 /2+,3 /2,5 /2 ) 1938.836.340.110

1 /2–,3 /2–,5 /2– 2031.964.872.23

(3 /2,5 /2 )– 2137.355.390.42

Log ftIβ–             

  Decay Scheme  

Intensities :  Iγ  per 100 parent decays
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2031keV – 305keV = 1726keV
2137keV – 305keV = 1832keV



The 
Central Module Energy (keV)
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The 
Central Module Energy (keV)

0 500 1000 1500 2000 2500

To
ta

l M
TA

S 
En

er
gy

 (k
eV

)

0

500

1000

1500

2000

2500

Identifying Levels and de-excitations
85Br

To
ta
l	M

TA
S	
En

er
gy
	(k
eV

)

Inner	Ring	Energy	(keV)



The 

Closer Look: Level 2031
85Br

Inner Module Energy (keV)
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2031keV – 305keV = 1726keV

To
ta
l	M

TA
S	
En

er
gy
	(k
eV

)

Inner	Ring	Energy	(keV)



Energy (keV)
200 400 600 800 1000 1200 1400 1600 1800

C
ou

nt
s

1

10

210

310

 

Estimate Beta and Gamma Feeding: 
Gamma-Gamma Analysis of Level 2031

Efficiency = Efficiencytotal Elevel( ) ⋅EfficiencyCentral/Inner Eγ( )

802keV 924keV
1726keV

Shows gamma energy and
summed (level) energy 

Fit area under peaks and 
convolve with efficiency to 
estimate beta and gamma 
feedings


