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Motivations
When I visited TUD in the beginning of 2014, just after the measurement. I 
have been introduced of the work using LaBr3 by Christopher Walz. 

http://www.tu-darmstadt.de/vorbeischauen/aktuell/news_details_132160.en.jsp

Christopher Walz

In May 2015 at TU-Darmstadt

V.Yu.Ponomarev

Oh! The work has been
accepted by Nature! It was 
nice that QPM reproduced 
the decay well!
V.Yu.Ponomarev

I saw talks a few times in 
conferences, and I  was interested in 
how the angular and energy 
distributions are, and how they are 
described by theories.

http://www.tu-darmstadt.de/vorbeischauen/aktuell/news_details_132160.en.jsp


Conclusions for my original questions

The decay mechanism was found to be simpler than I expected. 

The calculations of the decay rate and the energy distribution look 
independent to each other.



Double Gamma Decay

DGD was predicted by Maria Goeppert-Mayer in 1930 in doctoral thesis.
(also the double beta decay later)

The main part of the DGD is the virtual two step decay process



Double Gamma Decay
for 0+→0+ transitions in 1980’s

Three cases were observed: 16O, 40Ca, and 90Zr in 1980’s.
Single gamma decay is strictly forbidden.

Decay Branches
1. e-e+ pair production  
 
 

2. double gamma decay 
 
 

3. internal conversion  
 

4. single gamma decay
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Double Gamma Decay
for 0+→0+ transitions in 1980’s

Darmstadt-Heidelberg Crystal Ball 
162 NaI(Tl) detectors, 20 cm thickness

[3] Kramp et al., NPA474_412(1987)

16O(p,p’) at 7.58 MeV

positron annihilation in flight

γγ-decay



Double Gamma Decay
for 0+→0+ transitions in 1980’s

(6.6±0.5)×10-4 

(4.5±1.0)×10-4 

(1.8±0.2)×10-4 



Competing Double Gamma Decay

Competition between the single gamma decay and the double gamma decay

(2.05±0.37)×10-6 

Also a few attempts in US.
NaI at BNL

Gammashpere

2 x 10-6 !

Evidence for the 2-photon 
branch has been found !



Experimental Setup

137Cs radioactive source: 603(18) kBq

Five 3”φ×3”L LaBr3:Ce detectors: 22 cm from the source.
Average full-energy efficiency of 1.50(5)% at 662 keV
Lead shield: minimal thicknesses of 12.5 (8.5) cm for 72° (144°) groups
Measurement time: 52.7 days

Walz doctoral dissertation (2014) TUD



Experimental Setup

Figure 3.4: The setup shown in Fig. 3.3 was covered with a 5-10 cm thick layer of lead (left-hand
side). Five plastic scintillators were positioned on top of it to veto background events
(right-hand side). C. Walz doctoral dissertation (2014) TUD



Experimental Setup

250 MHz Digitizer



LaBr3:Ce Detectors



LaBr3:Ce Detectors

C. Walz report in DPG conference



LaBr3:Ce Detectors

C. Walz report in DPG conference



LaBr3:Ce Detectors

C. Walz report in DPG conference

Distance: 16 cm



Data Analysis

Walz doctoral dissertation (2014) TUD



Data Analysis Walz doctoral dissertation (2014) TUD



Background Events

• Compton scattering: well shielded by lead blocks 
Tested by the the time difference distribution 

• “Sequential” Compton scattering 
Reduction by applying the gamma energy gate 
 
 
 
 

•  Cosmic rays and their decay products 
(considerable challenge) 
partly suppressed by plastic scintillator VETO 

• Sequential decay through 1/2+ 

smaller than the observation (1.12(9)×10-7 [14])

144°- group : |E1−E2| < 250 keV, corresponding to a single 
gamma-ray energy range from 206 to 456 keV (80%).

72°- group : |E1−E2| < 300 keV, corresponding to a single 
gamma-ray energy range from 181 to 481 keV (85%)



Results
Walz doctoral dissertation (2014) TUD

true: |∆t|<1.2 sec
random: 20<|∆t|<76 sec

×46.7



Results



Angular/Energy Distributions

Γγγ/Γγ=2.05(37)×10-6

16O: 0+→0+ Kramp1987
This work: 137Ba

dipole-dipole 
quadrupole-quadrupole

δ: differential γγ-decay width



Theoretical Descriptions

Giant Resonances

Ei

Ef

En

ω
ω’ E0
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Theoretical Descriptions

The validity of this approximation is not obvious for 137Ba.

E1~ω3

M1~ω3

E2~ω5

M2~ω5

E3~ω7

M3~ω7

En − Ei ≫ Ei − E0
Ei − En −ω = Ei −ω( )− En ~

E0
2

− En



Quasiparticle Phonon Model (QPM)
Phenomenological microscopic calculation of nuclear structure

Woods-Saxon potential from global parametrization for single particle states.

Monopole pairing with a constant, state independent, matrix element of pairing 
force fitted to even-odd mass differences in the mass region of interest.

Residual multipole interaction in the particle-hole channel fixed through properties of 
the neighboring even-even nuclear in particular Ex and B(E2) of the first 2+ excited 
states.

Quasiparticle state formalism through Bogoliubov transformation.
 Phonon basis for 1p-1h excitations of an even-even core solving the QRPA equations.
QPM Hamiltonian diagonalisation for quasiparticle × 1 phonon configurations



Quasiparticle Phonon Model (QPM)



Conclusion



Sensitivities to the integrated E1/M1 strengths
16O: 0+→0+ Kramp1987



An exercise for the GR spectrometer
for detecting competing dipole-dipole γγ-decays
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An exercise for the GR spectrometer
for detecting competing dipole-dipole γγ-decays

Is there any chance to detect the γγ events if we could 
achieve a good angler resolution of 0.01 deg?
provide that e-e+ is hindered than γγ?


