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The nucleus is resonantly excited by absorption of a γ ray and decays by emitting a γ ray either
back to the ground state or to an excited state.

This process is very useful validate resonance properties.
It is used in a wide variety of applications including reaction rate calculations, nuclear astrophysics,
nuclear reactor simulations.

Nuclear Resonance Fluorescence

Metzger F.R., Progress in Nuclear Physics 7 (1959) 53



g ray emission from properly selected nuclear levels of a given nucleus X when resonant
condition with the impinging g ray energy is achieved
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Twofold application

• Known nuclear levels→ Provide an absolute g beam energy calibration and band-width measurements

• Explore unknown nuclear parameters by using a g ray beam→ Find Er , i and spin of the level

Process cross-section
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27Al

http://www.nndc.bnl.gov/chart/getbandplot.jsp?unc=nds

27Al

Pietralla et al. PRC 51 (1995) 1021
Bremsstrahlung facility – Stuttgart Dynamitron accelerator

Measured at HIgS –TUNL (USA)
to perform spin assignment

The high-precision results from Pietralla et al. have been widely
used as the standard for flux calibration in NRF experiments

27Al case



HIgS
Bandwidth (rms) 1.4% 0.3%
FWHM 100 keV 21 keV
Beam intensity 108g/s 

103 g/s eV 104 g/s eV
Target thickness 25.3 mm  

22 keV

3.3010-6 MeV b
Measured @ HIgS

(3.19±0.07) 10-5 MeV b

Set-up at HIgS –TUNL (USA)

Reference 
from Pietralla et al.

27Al case @HIgS



A system for Gamma beam characterization
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Spectrometer

Nuclear resonant 
scattering System

Profile 
imager
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• Compton Scattering Spectrometer

high–precision measurements of single Compton scattering from thin target

• Absorption Calorimeter

calorimetric, total absorption technique 

• Profile Imager

• Nuclear Resonant Scattering calibration System

high-precision energy measurement at selected energy values  for absolute energy calibration
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The Nuclear Resonant Scattering System  set-up
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NRSS detector
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n. 4 BaF2 counters

Detector working modes

1) Fast Counter Mode (FC Mode)
Fast beam energy scan, giving a prompt information
on the establishment of the resonance.
→External BaF2 crystals.

2) Energy Spectrometer Mode (ES Mode)
Slower measurement for the later redundant level identification.
→Internal LYSO with the external BaF2 working as Compton shield.

Nuclear Resonant Scattering System – Detector Design

n.1 central LYSO

10 ns

BaF2 coupled with 
the R2078 PMT

Fast component: 0.88ns; Slow component: 600ns
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Other target examples that can be used for calibration

M.G.P. for  EuroGammaS Design Report (2015)



Conclusions


