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* The TAS technique
 Importance of beta strength distributions
» Status of the project
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» Total Absorption Spectroscopy is the best method to measure
beta strengths in B-decay for complex decay schemes

An accurate knowledge of the distribution of the 3-decay
probability over the daughter-nucleus levels provides information
for the understanding of the structure of nuclei of importance on
its own or for other fields as astrophysics and nuclear technology
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- Avoids the “Pandemonium effect”: misplacement of 3-intensity to
lower E, when using high resolution (germanium) spectroscopy
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Pandemonium effect is due to: Is likely to happen when
» Fragmentation of the intensity the level density is large
(large level densities) but ultimately depends on
- Limited efficiency of Ge detectors nuclear structure




» Uses large 4n scintillation detectors, aiming to detect the full
y-ray cascade rather than individual y-rays

_ An ideal TAS would give
directly the p-intensity I,
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« Accurate beta intensity distribution measurements
have also applications in nuclear technology ...

Improvement of reactor decay heat
calculations based on evaluated data (E,)
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... and applications in fundamental physics

Reactor neutrino spectrum:
heutrino oscillations and homeland security

How well known is the reactor anti-neutrino spectrum?
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Existing TAS data (so far)
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A related but more general nuclear structure question:
Is the shell structure altered at extreme isospin values?
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Super-allowed 0+ — 0+ 3-decay

Test of the CVC hypothesis and unitarity of CKM matrix
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Use of TAS to detect high
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16 + 1 modules: DESPEC TAS design choices

15x15x25 cm?3 Nal(TI) 128 + 4 modules:
+ 57 PMT (50% light col.) 5.5x5.5x11 cm3 LaBr;:Ce
V=95 L, M= 351 kg + 2” PMT (60% light col.)

‘ - V=44 L, M= 223 kg

AE/E ~ 5%
(@1.3MeV)
At ~2 ns
T ~ 230ns
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The LaBr; case (prototype module):

In discussion with Saint-Gobain Crystals:

* Energy resolution

» Dead material (housing/reflector/assembly)
* PMT’s, stabilization

« Mechanical construction

» Cost and delivery

In parallel MC simulation of performance:

light collection [per tenmil]

It can be converted into a low-resolution high-efficiency
y-ray array complementary/alternative to a Ge array




Neutron sensitivity

(The case of delayed neutron emitters)

* Monte Carlo simulations: <
MSc Thesis (D. Jordan, U. Valencia)

» n detection probability: Nal= 40% , BaF,=60%

» Discrimination through timing (At < 5ns)
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» Van de Graaff beam pulsed (1MHz) for ToF background
discrimination

 LiIF and Ti/T targets

* Measurements below and above the inelastic threshold

* Measurement with a “shadow cone” to isolate the effect of
surroundlng materlals and determlne backgroun
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RESULTS:

* The result is only meaningful in
comparison with MC simulations

MC simulations:

» need neutron reaction data for
intervening isotopes: G4 missing
information — new tool (CIEMAT)

* heed proper y-cascade generation:

capture: new model (IFIC)
inelastic: to be developed
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Requirements for reliable TAS result

From the analysis point of view:

—
— for all particles emitted: e-/e+, y-ray, ... NIM A430 (1999) 333
— response should depend “weakly” on de>- | NIM A430 (1999) 488
excitation branching ratios NIM A571 (2007) 719
- Solution of inverse problem must be stable ] | NIM A571 (2007) 728

From the experimental point of view:
— eliminate background and contaminations

* Production: clean (mass separators, traps, laser selective
sources) or ion-per-ion identification

 Control of daughter activity

« Background reduction / measurement

» Spectrometer: highly efficient

» Spectrometer: good resolution

» Use of ancillary detectors



» During the past few years we have undertaken a systematic
investigation of systematic uncertainties associated with the
analysis of TAS data:
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3. Investigation of the
adequacy of several
algorithms for the
solution of the TAS

inverse problem (Tain et
al., NIMA 571, 728)
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Result insensitive to E, [MeV]

algorithm parameters: |
A B, O N, ... The two (three) algorithms

agree within few %
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LR method: ME method: Bayes Theorem
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4. Investigation of the
dependency of the result on
the assumption about the

cascade branching ratios
(Tain et al., NIMA 571, 719)

Needs to know the true
branching ratios and intensity
— use statistical nuclear model
to create decay of fictitious
nucleus

S;at high energies (level
densities) and XS, is
rather insensitive to b.r.
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introduces non-negligible effect



