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Possible contribution to the GF physics activities:
Nuclear Resonance Fluorescence
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The nucleus is resonantly excited by absorption of a y ray and decays by emitting a y ray either
back to the ground state or to an excited state.
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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.

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



v ray emission from properly selected nuclear levels of a given nucleus X when resonant
condition with the impinging y ray energy is achieved
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Metzger F.R., Progress in Nuclear Physics 7 (1959) 53

* Known nuclear levels Provide an absolute y beam energy calibration and band-width measurements

* Explore unknown nuclear parameters by using ay ray beam - Find E,, I'; and spin of the level



Res=beam resolution  I'=total level width
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27Al case
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Bremsstrahlung facility — Stuttgart Dynamitron accelerator

TABLE I. For six *"Al levels below 4 MeV the nuclear self-absorption was measured. The determined level widths and
lifetimes T = A/T" confirm the literature values in all cases. The last row displays an error-weighted mean value from the results
of this measurement and the literature data (recommended best values). The level energy 2212.01(10) which we obtained

deviates from the literature.
E [keV] 1014.45(3)
[%a] 10(12)
[fs] = 240

0.306(15)
0.306(15)

[meV]
[meV]

*This work.
See [13].
“Weighted mean value from a and b.

2212.01(10)
26.56(58)
38.1(10)
meV < 2.7 17.29(46)
17.14(40)
17.19(31)

2734.9(7)

7.1(28)
14(86)

46(19)

51(7)
51(7)

The high-precision results from Pietralla et al. have been widely

used as the standard for

2982.00(5)
33.34(59)
5.63(13)
116.9(27)
115(6)
116.7(25)

3956.8(4)
19.9(17)
3.94(40)
167(17)
183(15)
177(11)

|
3004.2(8)

7.74(46)
7.74(46)

Measured at HIyS —TUNL (USA)
to perform spin assignment



27Al case @HIyS

PHYSICAL REVIEW C 90, 054315 (2014)

Validating resonance propertues using nuciear resonance fluorescence
C. T. Angell,!"” R. Hajima,! T. Hayakawa,' T. Shizuma,' H. J. Karwowski,”? and J. Silano?®-?

L Quantum Beam Science Center, Japan Atomic Energy Agency, Tokai-mura, Ibaraki 319-1195, Japan
2Department of Physics and Astronomy, University of North Carolina, Chapel Hill, North Carolina 27599-3255, USA
STriangle Universities Nuclear Laboratory, Durham, North Carolina 27708-0308, USA

Set-up at HIYS —TUNL (USA)

(3.19+0.07) 105MeV b

S
Reference
from Pietralla et al.
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HPGe Detectors

HlyS
Bandwidth (rms) 1.4% 0.3%
FWHM 100 keV 21 keV
Beam intensity 108y/s 3050 3100
104y[s eV
Target thickness 25.3Mm

3.3010°MeV b
Measured @ HIyS



A system for Gamma beam characterization
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EuroGamma$S gamma characterisation system for ELI-NP-GBS: The @ sk

nuclear resonance scattering technique
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high—precision measurements of single Compton scattering from thin target

calorimetric, total absorption technique

high-precision energy measurement at selected energy values for absolute energy calibration



The Nuclear Resonant Scattering System set-up
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Nuclear Resonant Scattering System — Detector Design
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Fig. 1. BaF; scintillation spectra and PMT quantum efficien-
cles.

Detector working modes

1) Fast Counter Mode (FC Mode)
Fast beam energy scan, giving a prompt information - | BaF2 coupled with
on the establishment of the resonance. - U ¥ A NP the R2078 PMT

—>External BaF, crystals. |

2) Energy Spectrometer Mode (ES Mode)
Slower measurement for the later redundant level identification.

Timebase 194n rigger  (EIC)|

—>Internal LYSO with the external BaF, working as Compton shield. sonis “aioehlesy e




Other target examples that can be used for calibration

T 518
‘He+d+n

21.2881
Hed+p

T

Integrated cross-section Oint — f O'(E)dE = O',%axr >

15,7947

H+He

X E.(MeV) Jo I I(MeV) To(MeV) 65,.(b)  Tint(b-MeV)
i 3.56288 1 () 82.107% g.19.10°° 64 g.10~4
LB 2124693 1.17-1007  1.17.10°° 270) 5.107°

HB  8.92047 /2 4.374:1075% 415107 42 3-10~4
20 4.43891 () 2 1.08107% 108108 620 11077

2 15.110 0 4.36-107° 3.85.107° 25 2.1073

HB  4.44498 3/2 5/2 5.5-10~7 5.5-10~7 190 2.10—4

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




* Nuclear Resonance Fluorescence is an interesting tool

* To be used for investigating nuclear properties needed for reaction rate
calculations, nuclear astrophysics, nuclear reactor simulations

* To be used fory ray beam characterization



