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Reactor anomaly

Nucifer |
(2012)
]

Distance to Reactor (m)

arXiv:1101.2755 & arXiv:1204.5379
6% deficit of, from nuclear reactors at short distances

3% Increase In reactor neutrino fluxes
 decrease in neutron lifetime

* Inclusion of long-lived isotopes (non-equilibrium
correction)
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Reactor antineutrino fluxes

our result
1101.2663

ILL inversion
simple S—shape

Shift with respect to ILL results, due to

a) different effective nuclear charge distribution
b) branch-by-branch application of shape corrections

P. Huber — p. 3



Comparison of iIsotopes

Same shift in all
Isotopes

Statistical errors of
different size, direct
conseguence of diffe-
rent ILL data quality

>3YPu most problema-
tic due to large fission
fraction
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Non-equilibrium corrections

only 2 dozen Isotopes
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Extra shift due to long-lived isotopes

a) small nuclear physics uncertaintyirdecay
b) depends on detailed fuel history
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Neutron lifetime

ne, Rev. Mod. Phys. 83 (2011) 1173 |
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lifetime data from Wietfieldt & Gree

range used in past reactor analyses
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The fluxes & their errors

statistics
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Below 3.5 MeV theory errors are below 0.5%

Experimental errors can be improved by repeating the
ILL measurements
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Unknown unknowns — large ft?
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E. Christensen, PH, P. Jaffke, in preparation

Shown is the distribution dbg ft and() 3 throughout

the ENSDF data base. Indeed, this confirms that there
should be very few allowed decays withy ft > 6.
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Unknown unknowns — large ft!

allowed
15" non—unique
1% unique

allowed
15" non-unique
1% unique

>
)
>
(6]
c
Q
>
o
()
S
y—

frequency [au]

E. Christensen, PH, P. Jaffke, in preparation

Here we weight eachi-emitter by its fission yield,
which emphasizes both large valued®f ft as well
as forbidden decays. For forbidden decays the
previous discussions do generally not apply!
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Unknown unknowns — forbiddeness!
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E. Christensen, PH, P. Jaffke, in preparation

Conversion to neutrinos and the IBD cross section enharce th
contributions from largéog ft and forbidden decays even more
= room for significant theory uncertainties — however, low
energies are much less affected.
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Using existing data

GLoBES2012

Fit for the slope parameter (ak
WM correction)

Result1.477 5 % MeV !

Standard theory predict
0.5+ 0.5%MeV !

Flux S, shape only, 1* - 35 Application of CVC on a set of tes

=== Flux H, rate + shape, ,\/2 =52

Flux S, rate+shape,,x2=49 Y S nUCIeI erIdS PH, PRC 841 024637

0.67 +0.26 % MeV ! (ft < 109)
E. Christensen, PH, P. Jaffke, in preparation 4.78 + 10.5 % MeV ! (ft < 1010)

Bugey-3 background subtracted data at 15m
Y. Declais,et al., NPB434, 503 (1995)
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Future measurements

Fit for the slope parameter as
function of exposure, where
corresponds to 58W,,,, detector
mass of 40 tons, a distance of 400
Standard Errors @ and a runtime of 1 year.

With Morm alization
-- Mo Energy Scale Error
Mo Stat&Bias Error

AauasidRl Blue shaded region corresponds
_L;::g of Effect;-.-'e.: Runtime,/1 1"r | | ror band frOm Bugey'3 flt.

E. Christensen, PH, P. Jaffke, in preparation
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Combination of ILL errors on flux and detector effects
(energy scale!) limit this measurement.
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Corollary

Reactor anomaly is a 6-7% = deficit
* 1/4 stems from the neutron lifetime — other detection reast?

* 1/4 stems from non-equilibrium corrections — depends oaileek
fuel history, well understood nuclear & reactor physics (?)

* 1/2 stems from the new fluxes

* |ess than 0.5% theory errors below 3.5 MeV

®* most nuclear physics uncertainties decrease with the
endpoint energy

* |LL data needs to be improved for all four fissile isotopes —
25 times as much statistics required, 50 keV resolution
sufficient

* future reactor shape measurements are difficult (but
worthwhile!)

New S-measurements would be very beneficial.
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Inverse Tritium decay (ITD)

U.+°He > e +°H Q= 1.041 MeV
« 760 keV lower threshold than inversedecay

(IBD)

* log ft of ITD Is nearly the same as for IBB-

arge cross section

« Half-life of H is known to bet500 -

* Phase space factor is known to hi
well

-8d (0.17%)
gh precision as

Overall a cross section error for ITD of 0.25% seems

possible=- eliminates the contribution
from the neutron lifetime

to the RAA
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Event rates
1 kg°He compared to 1 kg CH

1kg 1GW,, IBD 3003
1yr @ 10m ITD 28329
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Adding up

Integrating signal and errors from threshold upktg. .

CH, — 250 kg yr GW @ 10m | 3He - 10 kg yr GW @ 10m |

combined 8 combined
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Fission fraction impact smaller at lower energy since the
difference between neutrino yields is smaller
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Other error sources

IBD ITD
* 0.5% —reactor power - 0.5% — reactor power
» 0.25% — energy p. fiss. « 0.25% — energy p. fiss.
* 0.2% — cross section * 0.25% — cross section
* 0.5% — H/C ratio
* 0.8% — Gd fraction

+ Negligible errors fromp-spectrum measurement

+ Non-equilibrium correction estimate within 10%
factor 3 improvement over current experiments

+ Geometric acceptance and barycenter of fission at
short range?
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How much exposure?
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Saturation around 10 kg yr GW
= 100 test of the RAA?
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Summary

Integral 5-spectrum measurements
« Improve statistics of ILL measurements by 25

* Reduce normalization error to 0.1% (0.5%
probably also still OK)

* Do this for all four isotopes
« 50keV bins are fine
Reactor experiment
« 10 m from the core, 10 kg yr GW exposure
 focus on low energy region

- JHe target, silver bullet for systematics?
100 test of the reactor anomaly?
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Backup slides



Trittum lifetime
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Not quite as accurate as neutron lifetime, but much
fewer systematic issues!
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‘He supply in the U.S.

Figure |.Size of the Helium-3 Stockpile, 1990-2010
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Congressional Research Service, 2012

1 kg~7,500 liters at $1,000-$2,000 per liter
= lease material (like SNO did)
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