
Lecture 5: 
experiments at reactors

PhD Cycle XXXIV
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Neutrini da reattore
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the ILL+Vogel model. The upward shift in the total flux introduces tension with short baseline4289

reactor neutrino experiments, which is called Reactor Neutrino Anomaly [48].4290

The reactor antineutrinos are generally detected via the inverse beta decay (IBD) reaction4291

ν̄e + p → n+ e+. The reaction cross section σ(Eν) is calculated to the order of 1/M in Ref. [167].4292

The observable reactor neutrino spectrum is the multiplication of the neutrino flux per fission and4293

the cross section, which is shown in Fig. 13-1 for the four isotopes.4294
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Figure 13-1: Neutrino yield per fission, the interaction cross section of the inverse beta decay, and

the observable spectra of the listed isotopes.

13.1.3 Reactor Power and Fuel Evolution4295

Fission rates of isotopes (at nominal power) as a function of time, as well as the fuel composition,4296

can be obtained via core simulation. Since the fission rates are correlated with the reactor power,4297

normally we use fission fraction in the core simulation, which is the ratio of the fission rate of4298

an isotope over the total fission rate. Fresh fuel contains only uranium. The plutonium isotopes4299

are gradually generated via the neutron capture of 238U and the subsequent evolution. Generally4300

a PWR core refuels every 12-18 months, and replaces 1/4 to 1/3 fuel assemblies each time. To4301

describe the fuel evolution as a function of time, burnup of the fuel is defined as4302

B(t) =
W ·D
Minit-U

, (13.1)

where W is the fission power of the fuel, D is the fissioning days, and Minit-U is the initial mass of4303

the uranium. The unit of the burnup is MW · d/ton. Since a fuel assembly will stay in the core for4304

3-4 refueling cycles, and fuel assemblies have different burnup, a more convenient variable “cycle4305

burnup” is defined to describe the aging of a reactor core within a refueling cycle. The cycle burnup4306

has the same expression as Eq. (13.1), but with W being the total nuclear power of the reactor4307

core, D being the fissioning days since the beginning of the refueling cycle, and Minit-U being the4308

total initial uranium mass in the reactor core. Cycle burnup can be calculated by using the daily4309

thermal power which are obtained by the power monitoring system.4310

The most accurate thermal power measurement is the Secondary Heat Balance method. De-4311

tailed description of this measurement can be found, for example, in Ref. [450]. It is an offline4312

186

Flux

Uncertainties on the overall 
flux (see later that they play 

a big role in “anomalies”)
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The past
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The present
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FD
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E(nu) = Eprompt+(Mn-Mp)-me-
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Cross section

x-sec grows linearly with E
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Gd used because of delay @ 8 MeV (radiogenic BG dominates ≤ 3MeV) and high thermal 
neutron capture x-sec: 260 b  (see also slide 43)
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Accidentals/radioactivity

Cosmogenic

Mean lifetime: 257 ms (9Li) and 
172 ms (8He) -- no full region veto
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Summary of uncertainties and benefit of ND+FD
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Daya Bay

dominates here

https://zenodo.org/record/
1294112#.XFxP39F7mi4
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https://zenodo.org/record/1294112#.XFxP39F7mi4
https://zenodo.org/record/1294112#.XFxP39F7mi4
https://zenodo.org/record/1294112#.XFxP39F7mi4
https://zenodo.org/record/1294112#.XFxP39F7mi4


New from DC

arXiv:1806.00248

https://zenodo.org/record/1286844#.XFxiRtF7mi4

Reno
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https://zenodo.org/record/1286844#.XFxiRtF7mi4
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https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=15&resId=0&materialId=slides&confId=289
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https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=15&resId=0&materialId=slides&confId=289
https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=15&resId=0&materialId=slides&confId=289


The future: mass ordering
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Experiments at reactors
• JUNO in China

• Same concept as present 
detectors, but with a much 
better Eres to distinguish 
phase shifts

• Will also build ND 

• w/o a ND it could be a 
limit if reactor flux not 
nailed down to better than 
~2%

• Can also do with accelerators 
and atmospheric, 
complementary
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arXiv:1607.02671v1 [hep-ex] 9 Jul 2016
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Anomalies
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The past (and lingering...)

0.5<L/E<1.5
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0.3<L/E<2.7
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0.3<L/E<2.7

could it be 
bkgs?
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Caveats from HARP (@CERN PS)

See: https://hep.uchicago.edu/~elagin/HARP-CDP_vs_LSND/Elagin_UChicago_Lunch_on_LSND_excess.pdf
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https://hep.uchicago.edu/~elagin/HARP-CDP_vs_LSND/Elagin_UChicago_Lunch_on_LSND_excess.pdf
https://hep.uchicago.edu/~elagin/HARP-CDP_vs_LSND/Elagin_UChicago_Lunch_on_LSND_excess.pdf


L/E~2.4 L/E~0.7
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Why ΔM2>1 eV?
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Anomalies caused by 
mixing in 4th family with a 
Δm2 of the “good” range?

• Indications that would have to be a light sterile 
neutrino, if at all, to reconcile with app/disapp 
data
• See more here: https://agenda.infn.it/getFile.py/access?
contribId=3&resId=0&materialId=slides&confId=12099
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https://agenda.infn.it/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=12099
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Excess seems correlated with reactor flux

Reno
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➡  Several different inputs and (alternative) methods to model 
reactor neutrino spectrum
➡ Experiments have used different methods 
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Back up
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Gd used because of delay @ 8 MeV (radiogenic BG 
dominates ≤ 3MeV)

Analysis with n-H (lower average energy) and not n-Gd shows 
that origin of “IBD” is heavily polluted by external radioactivity 

instead
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Anti-correlation via appearance at 
accelerators, then constrained by reactors

55



56



57



https://zenodo.org/record/1294112#.XFxP39F7mi4
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https://zenodo.org/record/1294112#.XFxP39F7mi4
https://zenodo.org/record/1294112#.XFxP39F7mi4


https://arxiv.org/abs/1509.08168
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https://arxiv.org/abs/1509.08168
https://arxiv.org/abs/1509.08168


Combo is not easy 
as some 

systematics 
correlated (e.g. 
reactor/flux)
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