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Outline

O Double Chooz neutrino oscillation exp. : state of the art for reactor
antineutrinos detection

: miniature antineutrino
detector for reactor monitoring : Songsl, Angra, Kaska... :

O Selected associated activities,
huclear databases comparisons

 Links with "Better evaluation and prediction of reactor decay heat”

: study of beta and gamma decay
properties of fission products (for reactor decay heat, , and
astrophysics). (contacts with J.L. Tain and A. Algora)
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neutrinos/MeV/fission

Where do antineutrinos from
reactors come from ? R
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Antineutrinos from reactors

2800 M —
Standard power plant 900 MW, : ~ 5:107 v, /s
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[C. Bemporad et al,. Rev. of Mod. Phys., 74 (2002)}
Correlation antineutrino flux vs thermal power

(" For a fixed fuel composition (k=cste), the v, flux is directly
proportionnal to the thermal power.

For a constant thermal power (Wth=cste), the v, flux as well

Zﬁzlﬂ;;rgggi;‘rrlgg, ngwggl as the v, energy spectra depend on the fuel composition.
-

[Klimov, Kopeikin, Mikaelian et al. At. Ener. 76 2(1994) 123-127]
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The antineutrino probe

On-going international projects : USA, France, Brazil, Japan,
Russia
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International Double Chooz collaboration : France, 06/2005  10/2005 0212006  06/2006 1012006

Date

US, Brazil, Germany, Japan, Spain, Russia N. Bowden et al, NIMA 572 (2007) 985
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: International Atomic Energy Agency

International expert meeting organized by the New Technologies
Department from IAEA October 26-28. 2008
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Double Chooz Experiment™

*ArXiv : hep-exp/0606025
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: nuclear physics and non proliferation

Applications of antineutrinos : thermal power measurement and new safeguards tool ?

Double Chooz phase 1 : when far detector only : need of a better and precise determination of
the v, spectrum => absolute normalisation of first measurements !ll

Double Chooz phase 2 : best measurement ever done of the antineutrino spectrum : determine:
the sensitivity limit of the antineutrino probe




Nucifer Detector Concept

= Detector design: a simple monolitic detector with PMTs on the Top
* Small, Safe, Robust
= Remotely operable
= Rate + energy spectrum
= Improved detection efficienc

= Target: ~1-15m3
- Gadolinium loaded liquid
" scintillator

= Steel vessel + reflective
~Coating Inside to wash non
" uniformities - box geometry
for final detector to maximize
the volume

10 cm Low-Z Shielding for
- Gammas

= 15 ¢cm High-Z Shielding for
- neutrons

To be installed @ Osiris (Saclay) and HFR (Grenoble) in 2010




v-spectra determinations

é Conversion f - v, : global shape uncertainty from 1.37%@3MeV to 97%.@8MeV
é Measurement only related to thermal fission

é " Irradiation time dependence (20 min & 1.5 d))

é Don't agree with the experimental integral spectra (important errors : 5% at 4MeV, 11% at
5MeV and 20% at 8MeV)

6 Remaining short-lived, high Qg, unknown nuclei

=
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huclear @
database N l /
Monte-Carlo Simulation : S-branch database :
Evolution Code BESTIOLLE, ...

p decay rates B /v, spectra

Yl.(Z,A,t) Sv,i(Z’AaEv)
e ©

Total v, and S - energy spectra
with complete error treatment
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branching ratios B individual spectra

depends on the  transition : Branching
Ratios, End-Points,spin, parity of the
mother and daughter nuclei
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Bestiole Database

Collect all available information :
Nuclear Database : ENSDF

Experimental spectra

111 nuclei ®ISOLDE [O. Tengblad et al., Nucl. Phys. A, 503, (1989)]

« 950 nuclei :
v' ~ 10000 B branches
v' ~ 500 B-n branches
« Tag all relevant information :
v Forbiddenness (spin & parity)
v’ Level of approximation
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*MCNP Utility for Reactor Evolution, O. Méplan et al. ENC Proceedings (2005)
Developed by CNRS/IN2P3/IPNO and LPSC

Evolution MNgleiTeee .
Reaction) i (P> s

e MURE * =

dN _ A
o dt )

System Definition ——» MCNP ——7m—8 —— 3 MCNP —> —> MCNP
(Geometry, Material, + Evolution + Evolution

Source, ...) i Conditions t=At;  Conditions t=2Z At

Open source code :
(simple geometry implementation, easy coupling to

databases .) . Possibility to simulate :
‘Benchmarked with APOLLO?Z2 code '

*Fuel Burnup - Simple cases : pure U or Pu isotope

‘Fission product distributions fissions and associated p/v spectra
‘Refined effects : out of equilibrium spectra - Complexe cases : reactor and

) associated B/v spectra

w= applicable to decay heat calculations

M. FG”OT et Ui, LALA 1 ATO TIIcETINY, Ul &/ . CUVT




Obtained spectra

-Control of errors

-Expected improved accuracy on
final spectrum shape (<2% in
relevant energy range).

Particle / fission / MeV

e- simulation
—&— o data

— nu simulation

I1 Software tool for all kind —=— converted e data

of sensibility studies :
Kinetic energy (MeV)




To go further:

Several problems to solve to get a better agreement on
Schreckenbach’s beta data

- Partially known nuclei :

Several tracks to solve these problems :

- Use of when the
considered nuclei have been treated

- Sensitivity to

-Other models : (QRPA),
(Davis, Vogel et al. PRC19(1979)6 ) ?

- Inclusion of and

M. Fallot et al., TAEA TAGS meeting, Jan. 27. 2009




Pandemonium effect

The problem of measuring the 8 - feeding (if no delayed
part.emission)

- use of Ge detectors to construct the decay scheme

w l * From the 7 -balance : extract the B -feeding

Low efficiency of Ge detectors at high energy
+ loss of low energy gamma rays from complex decays

=> Pandemonium effect = displacement of the -
strength (overestimation of high energies)

Hardy et al. Phys. Lett. B 1977

« Pandemonium effect » = indication to explain the
remaining discrepancy between our simulation and
Schreckenbach ?

AL

Pl
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Ex. : Gross Theory in JENDL 3.3 :

Comparison of nuclear databases and Rudstam'’s data

- Full Gross Theory spectrum for unknown nucleus

- Partial Gross Theory spectrum for nucleus considered to be incomplete (Pandemonium)
(around 100 such nuclei)

1

SEEhaHIETIE Spectrum by jendl

Weight between estimated

spectra and experimental data
adjusted to reproduce the
average beta energy value

Rudstam et al. data
— JENDL total

JENDL exp. (ENSDF)
—— BESTIOLE exp. (ENSDF)
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New 23°U spectrum with :
Rudstam data + BESTIOLE + JENDL + QBeta

-
—  Rudstam data + Bestiole +

JENDL + Qb
Rudstam data + Bestiole

SChreckenbach st al. data for 2350

Rudstarn Bestiole Jendl all QB 1.5d
RUDETAM + BESTIOLE NoQBata NOJENDL
BESTIOLE + RUDSTAM + Cum. Yields

BESTIOLE + Rudstam + Jend| all +Qb, Cumn. Yields

-0.1=
1000 2000 3000 4000 5000 6000 7000 8000 S000 5000 3000 4000 5000 6000 7000
energy (keV) energy (keV)

Beta spectrum using Rudstam's data and Bestiole : a lot of missing nuclei

Compared with the case where the remaining nuclei are taken from JENDL :

« Qbeta » approx. : when no data, assume decay from ground state to ground state

s M. Fallot et al., IAEA TAGS meeting, Jan. 27. 2009




New 23°U spectrum with :

Replacements of Rudstam and BESTIOLE spectra by JENDL :

Schreckenbach et al. data
JENDL Pandemonium tagged nuclei + Rudstam + Bestiole +
JENDL rest of the db + Qb

= Rudstam data + BESTIOLE + all JENDL + Qb

JENDL Pandemonium tagged nuclei + Rudstam + Bestiole

Experimental spectrum by Schreckenbach et al. - SChrackanbazh ol al. data far 2351 Rapport (MURE-Schreckenbach)/Schreckenbach —  ENDLPandemonium aniy-+ BESTIOLE et Rudstam Tom + JENDL all+ GBeim 1.4
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important input of our calculations with
MURE or at equilibrium with cumalative yields

—— Yields from JENDL3.3

Experimental spectrum by Schreckenbach et al. chreckenbach )}'SC hreckenbach

—— VYields from ENDFB

— VYields from JEFF31
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PWR N4 : Chooz-B (I, IT)-like reactor
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Approx. : No control rod reactor driving yet : 1 months

» 317 pellets /# 4 constant power, Boron diluted into water and

» Zircaloy coatin -
3 Enrichments :_ean Kets =1

(18 24 3.1%.)

N PWR full core simulation.

Cf. M. Fallot et al. ND2007 Conf. Proc.
214 mm Cf. B. Guillon et al. GLOBAL 2007 Conf. Proc.

Zaa \ J Cf.L. Giot et al. PHYSOR 2008 Conf. proc.
=] v M. Fallot ef al., TAEA TAGS meefting, Jan. 27. . Cf. F. Yermia et al. ICAPP 2009 Conf. Proc.




PWR simulation

Sensitivity to inputs of the simulation : Boron, T, evolution control,
Simulation of the refuelling of a reactor,

Proliferation scenario studies, folded by Nucifer response,
Simulation of CANDU reactors, research reactors...

Folded by Nucifer response @25m :

a0 Constant power simulation of N4 PWR Antineutrino rate/s in Nucifer
3000

Preliminary

NN

2500
2000
1500
1000

500 ?39PT

Absolute Antineutrino Rate/s in Nucifer

o P e e e 2K @P 1

T B ST L L TR R KT SPUT I T T SRR
0 200 400 600 800 1000 1200 1400 1600 1800 800 1000 1200 1400 1600

Time [days] Time [days|

Constant power : 4.276W,,
Boron concentration 1000ppm
Mean k¢ = 1

Sensitivity : ~60 kg Pu in 4 days

t i
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Conclusions

- For important fission products in the antineutrino spectrum : Started a nucleus by
nucleus study of the nuclear databases : comparison of the FP beta spectra (hote in
preparation)

- A lot of nuclei important for reactor antineutrinos are in the decay heat list and are
Pandemonium nuclei

- Nuclei measured by Rudstam et al. have an important contribution to the antineutrino
spectrum

- Compare with Greenwood's et al. data and see the effect on antineutrino spectrum
- Include new Valencia TAS measurements and see the effect on antineutrino spectrum

- Unkown nuclei : test QRPA/Gross Theory

M. Fallot et al., TAEA TAGS meeting, Jan. 27. 2009




What could we do ?

For both motivations : decay heat and reactor antineutrinos :

- Contribute in decay heat simulation : U and Pu isotopes, PWR ? Other (Th, future
reactors...) ? (start : 2009, PhD V.M. Bui) => see the effect of new measurements for
instance, or selection of priority list of nuclei

- Experiments : participate to planned experiments, to analysis ? (short term), propose
new experiments for nuclei common to antineutrino and decay heat short lists (start :
2009, PhD V.M. Bui)

- Detector development (longer term ...)

M. Fallot et al., TAEA TAGS meeting, Jan. 27. 2009
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