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1. Introduction

The Daya Bay Reactor Neutrino Experiment [1, 2, 3, 4, 5, 6, 7] measures ν̄e disappearance
using the nuclear reactors at the Daya Bay Nuclear Power Plant as neutrino sources. This 17 GW
(thermal) power plant has six reactor cores, in pairs at two separated locations on site. The antineu-
trino detectors were built as functionally identical pairs, yielding a very high level of performance
consistency between all detectors.

One detector near one of the two reactor locations was designed to be paired with a detector
located at a far site, whose distance was chosen to optimize sensitivity to 1↔ 3 oscillations. In
this way, we could observe disappearance through a deficit relative to 1/r2 dependence, removing
the necessity of precisely predicting the reactor flux. The experiment has been taking data since
December 2011 with six active antineutrino detectors, three of which are mounted at the far site,
and since August 2012 with all eight detectors.

The phenomenology of neutrino oscillations is well understood [8] and the notation is now
rather standard. For an experiment such as Daya Bay, where we optimize sensitivity to mixing
between the first and third generations, it is convenient to write the disappearance probability as

P(ν̄e→ ν̄e) = 1− cos4
θ13 sin2 2θ12 sin2

∆21

−sin2 2θ13
(
cos2

θ12 sin2
∆31 + sin2

θ12 sin2
∆32

)
(1.1)

where
∆ ji ≡ 1.267∆m2

ji(eV2)[L(m)/E(MeV)] (1.2)

and ∆m2
ji = m2

j−m2
i is the difference in the squares of the masses for generations i and j. It is now

well known that ∆m2
21� ∆m2

32, so optimizing for 1↔ 3 oscillations means that ∆31 is order unity,
while ∆21� 1. Also, since ∆m2

31 = ∆m2
21 +∆m2

32 ≈ ∆m2
32, we define a fit parameter ∆m2

ee through

sin2
∆ee ≡ cos2

θ12 sin2
∆31 + sin2

θ12 sin2
∆32 (1.3)

in which case ∆m2
ee is very close to ∆m2

31 and ∆m2
32.

The experiment has performed very well, with all eight 20-ton (fiducial) detectors running with
nearly identical characteristics, and the overburden and other shielding providing an exceptionally
high level of background rejection. As usual for reactor neutrino experiments, we use the inverse
beta decay reaction ν̄e + p→ e+ + n to detect the ν̄e, where the target protons are an intrinsic
component of the liquid scintillator detector. The scintillator is loaded with gadolinium, which has
a very high neutron capture cross section, leading to ∼ 8 MeV of photons. The n+Gd capture
signal is delayed by tens of µsec as the neutron thermalizes from np collisions in the scintillator.

Figure 1 summarizes the detector performance. The primary signal window encompasses
a well separated region that clearly shows neutron capture events on gadolinium, based on the
8 MeV delayed energy. Selecting this region and projecting out the prompt energy spectrum, gives
the histogram on the right, for a pair of detectors in one of the near halls. Various background
sources are highlighted in the inset, dominated by accidental coincidences at low energy, and 9Li
spallation events up to high energy. The scatterplot also shows an inverse beta decay signal from
np capture, and also shows the very small contribution from fast neutron backgrounds that extend
up to high prompt energy.
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Figure 1: Performance of the Daya Bay detectors. On the left is a scatterplot of “prompt” versus “delayed”
energy, showing a very clear separation of the delayed neutron capture signal on gadolinium. The right side
histograms the prompt energy for events in the signal region. More detail is given in the text.

This talk covers updated and new results from our experiment in four areas. These are pre-
cision results on θ13 oscillations [9, 10, 11], a cross check on θ13 using neutron capture on pro-
tons [12], a search for sterile neutrinos [13], and measurements of the reactor spectrum flux and
shape. Some of these results have appeared in print since this talk was given, but all results were
presented at the XXVI International Conference on Neutrino Physics and Astrophysics (Neutrino
2014) and the 37th International Conference on High Energy Physics (ICHEP 2014).

2. Precision results ν̄e disappearance

The primary goal of the Daya Bay Reactor Neutrino Experiment was to measure, or put limits
on, sin2 2θ13. There was considerable speculation at the time when the current generation of reactor
experiments were being designed, that θ13 might be very small, because the best existing limit [14]
put the value well below the known values of sin2 2θ12 and sin2 2θ23. Consequently, our approach
was to build an experiment with very high sensitivity, namely combined systematic and statistical
uncertainty below 1%.

We have indeed achieved this 1% sensitivity to ν̄e disappearance, but of course we now know
that the size of the signal is much larger. Consequently, this sensitivity contributes to an especially
precise value for sin2 2θ13. Our previous publications [9, 10, 11] present results on data taken in
the initial configuration of six antineutrino detectors. In this talk, we show updated results for 621
days of data, including all data with six detectors and the first portion of our running with eight
detectors.

These updated results are shown in Figure 2. A fit is performed to the individual prompt energy
spectra, taking into account the distribution and distances of the various reactor cores, as well as the
individual detector calibrations. The absolute rate, integrated over all energies, is mainly sensitive
to sin2 2θ13, while the spectrum shapes at different distances is mainly determined by ∆m2

ee, as
defined in Equations 1.3 and 1.2. We find

sin2 2θ13 = 0.084±0.005 and
∣∣∆m2

ee

∣∣= 2.44+0.10
−0.11×10−3 eV2
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Figure 2: Most recent results from Daya Bay on ν̄e disappearance, including a fit to both the rate dependence
on distance and the spectral shape distortion. See text for details.

The uncertainties are almost entirely due to statistical errors, with detector calibrations and reactor
spectrum shape being the largest contributions to systematic error.

The figure on the right is a demonstration of the how well this fit reproduces Equation 1.1,
using one approach to forming an effective distance Leff. The fit function shape is dominated by the
third term on the right of Equation 1.1, but the presence of the second term is noticeable as well.
Note that since we are using the “near” detectors to fix the absolute reactor flux, the red curve is
constrained so that P(ν̄e→ ν̄e) = 1 for Leff = 0.

Our experiment is approved to run through 2017, at which time our statistical and systematic
uncertainties will be comparable to each other.

3. Independent measurement of θ13 using nH capture

Figure 1 clearly indicates the presence of a delayed nH capture signal, where a 2.2 MeV
gamma ray is emitted in np→ dγ . Although this cross section is orders of magnitude smaller than
neutron capture on gadolinium, the proton density is many orders of magnitude larger. Therefore,
we can use np capture to measure inverse beta decay, leading us to cross check our result using the
primary signal.

The difficulty is background. It is clear from Figure 1 that below ∼ 4 MeV in prompt energy,
the nH capture signal overlaps strongly with accidental coincidence events. In order to see the
“turnover” in the neutrino oscillation signal at low energies, we need to recover that portion of
the spectrum. We do this by measuring the accidental coincidence spectrum using delayed events
far outside the time window for neutron capture, and testing that procedure by studying various
distributions after subtraction.

The left panel of Figure 3 shows the distribution in linear distance between the inverse beta
decay candidate signal and the np capture signal, before and after background subtraction. (Note
that our antineutrino detectors are right cylinders 5 m in diameter and 5 m high.) This and other
distributions give us confidence in the background subtraction procedure.

Figure 3 also shows the result of the same fitting procedure that we use for the primary signal,
once again showing ν̄e disappearance with a large amplitude, consistent with the spectral distortion.
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FIG. 1: (color online) (a) The prompt vs. delayed energy
of double coincidence events with a maximum 50 cm vertex
separation for all far-hall ADs, (b) the accidental background
sample (ABS) events and (c) the delayed energy distribution
after subtracting the accidentally coincident background for
the far hall (black) and the near halls (red), where the total
near site spectrum was normalized to the area of the far site
spectrum.

ADs. The procedure of accidental background subtrac-
tion was validated by checking the distribution of dis-
tance between the prompt and delayed vertices as shown
in Fig. 2. Simulation studies indicated IBD events rarely
occurred with the prompt and delay vertices separated
beyond 200 cm. Figure 2 shows a flat distribution con-
sistent with zero for the region beyond 200 cm. The
subtraction procedure was further validated from the
distribution of neutron capture time. The accidental-
background-subtracted spectra are consistent with no
events of coincidence time longer than 1.5 ms.

The procedures for evaluating the 9Li/8He, fast neu-
tron, and 241Am-13C backgrounds follow those in [3],
except for three different selection cuts: the delayed
energy cut, the distance cut, and an additional cut,
E > 3.5 MeV, on the prompt energy to suppress the
accidental background. The fast-neutron background is
significantly higher than in the nGd case because the LS
region is more accessible to the externally produced fast
neutrons. The other two backgrounds are also slightly
different due to detector geometry configuration. All
background rates are listed in Table I.

The number of predicted IBD events, N , summed over
various detector volumes v (GdLS, LS, and acrylic ves-
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FIG. 2: (color online) Distributions of the distance between
the prompt and the delayed vertices after the accidental back-
ground was subtracted for the near halls (blue) and the far
hall (red). The inset plot shows the distance distributions for
both the near halls double coincidence, DC, events (blue) and
the expected accidental background sample (black).

sels) is given as

N = φσεµεm

[
GdLS, LS, Acry.∑

v

Np,vfvεep,vεed,vεt,v

]
εd,

(3)

where φ is the antineutrino flux, which was modeled as
in [6], and Np, σ and f are the number of protons, IBD
cross section and hydrogen capture fraction, respectively.
The efficiency εµ is the efficiency of the muon veto and εm

is the efficiency of the multiplicity cut for the DC selec-
tion [30]. The efficiency εep (εed) is the prompt (delayed)
energy cut efficiency, and εt (εd) refers to the efficiency
of the time (distance) cut.

The θ13 analysis is based on relative rates, as in [3, 5],
such that uncertainties that are correlated among ADs
largely cancel and the uncorrelated uncertainties give the
dominant contributions.

The central values of εep and εed were evaluated from
the simulation. The prompt energy cut at 1.5 MeV
caused about 5% inefficiency in εep for GdLS and LS
events and a much higher loss in the acrylic. The slight
variations in energy scale and resolution among differ-
ent ADs introduced an uncorrelated uncertainty of 0.1%.
For εed, the 3-σ energy cut around the nH capture peak
made the efficiency largely insensitive to the small varia-
tions of energy calibration and resolution. The efficiency
εed also included a small contribution from the low en-
ergy tail of nGd capture events. The uncertainty in εed

was determined by using a spallation neutron sample.
Since the spallation neutron fluxes for neighboring ADs
were nearly identical and the relative nGd acceptance in
the GdLS region was accurately measured [3, 5], a com-
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FIG. 3: (color online) The detected energy spectrum of the
prompt events of the far hall ADs (blue) and near hall ADs
(open circle) weighted according to baseline. The far-to-near
ratio (solid dot) with best fit θ13 value is shown in the lower
plot. In the inset is the ratio of the measured to the pre-
dicted rates in each AD vs. baseline, in which the AD4 (AD6)
baseline was shifted relative to that of AD 5 by 30 (−30) m.

tistical uncertainties considered in the nH fit, the un-
certainty of sin2 2θ13 is 0.015, about 70% of the total
uncertainty when uncertainties are added in quadrature,
which is the same for the nGd analysis. The dominant
systematic uncertainties are also independent of the nGd
analysis. For example, the delayed-energy cut is uncou-
pled (uncorrelated) because the impact of the relative
energy-scale difference on the fixed-energy threshold in
the nGd analysis [3, 5, 6] is avoided with the data-driven
3-σ cut. Further couplings are noted in the Table II.
With all uncoupled uncertainties included in the nH fit,
the uncertainty of sin2 2θ13 is 0.017 (90% of the total
uncertainty in quadrature). By conservatively taking all
coupled quantities to be fully coupled, the correlation
coefficient is about 0.05, indicating an essentially inde-
pendent measurement of θ13. The weighted average of
nH and nGd [6] results is 0.089 ± 0.008, improving the
nGd result precision by about 8%.

In summary, with an nH sample obtained in the six-
AD configuration, by comparing the rates of the reactor
antineutrinos at the far and near halls at Daya Bay, we
report an independent measurement of sin22θ13 which is
in good agreement with the one extracted from the min-
imally correlated nGd sample. By combining the results
of the nH and nGd samples, the precision of sin22θ13 is
improved. In general, with different systematic issues,

results derived from nH samples will be important when
the nGd systematic uncertainty becomes dominant in the
future. It is also expected that nH analysis will enable
other neutrino measurements [18, 22].
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Figure 3: Measurement of ν̄e disappearance using delayed signal from np→ dγ . The figures are taken from
our recent publication [12]. The figure on the left demonstrates our background subtraction technique, aimed
mainly at low prompt energy events. The right panel demonstrates our fit for the rate deficit, including its
distortion on the neutrino spectrum shape.

From a rate-only analysis on 217 days of data, we find sin2 2θ13 = 0.083± 0.018, completely
consistent with our more precise result from nGd capture.

4. A search for sterile neutrinos

Various anomalies in neutrino measurements have led some to speculate on the existence of
a fourth “sterile” neutrino, with which the other generations can oscillate. One example is the
so-called “Reactor Neutrino Anomaly” [15] which suggests that a systematic over-prediction of
reactor ν̄e flux is due to very short baseline, that is high ∆m2

ji, neutrino oscillations. (There are,
however, many criticisms of this interpretation. For example, see [16].) Another example has to do
with short baseline accelerator experiments [17].

All examples taken together suggest a consistent picture, with a best fit given by sin2 2θ ≈ 0.1
and ∆m2 ≈ 1.8 eV2, for one additional generation of neutrino [18]. However, the landscape is in
principle wide open for scenarios with more than one extra generation. In this case, any number of
new oscillation phenomena might be present.

Daya Bay recently published [13] a search for a sterile neutrino signal. Spectra were nor-
malized, as shown in the left in Figure 4, relative to that observed in Experimental Hall 1 (EH1;
see Figure 1) located near one of the two nuclear reactor locations. This would allow us to see
distortions in the spectra for EH2 (the other near hall) and EH3 (the far hall) for the the range
10−3 < ∆m2 < 0.3 eV2. Figure 4 shows also shows the expected magnitude of the distortion for
two different values of ∆m2. Clearly our data is consistent with no large effects from sterile neutri-
nos in this mass range. The right panel shows our excluded region. Although we cannot exclude the
best fit global value for one additional sterile neutrino [18], this result does constrain other models.
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3

tected as an ⌫e after traveling a distance L is given by

P⌫e!⌫e
= 1 � 4

3X

i=1

4X

j>i

|Uei|2|Uej |2 sin2 �ji. (1)

Here Uei is the element of the neutrino mixing matrix for
the flavor eigenstate ⌫e and the mass eigenstate ⌫i, �ji =

1.267�m2
ji(eV

2) L(m)
E(MeV) with �m2

ji = m2
j � m2

i being the
mass-squared difference between the mass eigenstates ⌫j and
⌫i. Using the parameterization of Ref. [34], Uei can be ex-
pressed in terms of the neutrino mixing angles ✓14, ✓13 and
✓12:

Ue1 = cos ✓14 cos ✓13 cos ✓12,

Ue2 = cos ✓14 cos ✓13 sin ✓12,

Ue3 = cos ✓14 sin ✓13,

Ue4 = sin ✓14. (2)

If ✓14 = 0, the probability returns to the expression for three-
neutrino oscillation.

The Daya Bay experiment has two near underground exper-
imental halls (EH1 and EH2) and one far hall (EH3). Each hall
houses functionally identical, three-zone antineutrino detec-
tors (ADs) submerged in pools of ultra-pure water segmented
into two optically decoupled regions. The water pools are in-
strumented with photomultiplier tubes (PMTs) to tag cosmic-
ray-induced interactions. Reactor antineutrinos were detected
via the inverse �-decay (IBD) reaction (⌫e+p ! e++n). The
coincidence of the prompt (e+ ionization and annihilation)
and delayed (n capture on Gd) signals efficiently suppressed
the backgrounds, which amounted to less than 2% (5%) of
the entire candidate samples in the near (far) halls [45]. The
prompt signal measured the ⌫e energy with an energy resolu-
tion �E/E ⇡ 8% at 1 MeV. More details on the reconstruc-
tion and detector performance can be found in Ref. [46]. A
summary of the IBD candidates used in this analysis, together
with the baselines of the three experimental halls to each pair
of reactors, is shown in Table I.

TABLE I. Total number of IBD candidates and baselines of the three
experimental halls to the reactor pairs.

Location IBD candidates Mean Distance to Reactor Core (m)
Daya Bay Ling Ao Ling Ao-II

EH1 203809 365 860 1310
EH2 92912 1345 479 528
EH3 41589 1908 1536 1541

The uncertainty in the absolute energy scale of positrons
was estimated to be about 1.5% through a combination of
the uncertainties of calibration data and various energy mod-
els [45]. This quantity had a negligible effect on the sensi-
tivity of the sterile neutrino search due to the relative nature
of the measurement with functionally identical detectors. The

uncertainty of the relative energy scale was determined from
the relative response of all ADs to various calibration sources
that spanned the IBD positron energy range, and was found to
be 0.35%. The predicted ⌫e flux took into account the daily
livetime-corrected thermal power, the fission fractions of each
isotope as provided by the reactor company, the fission ener-
gies, and the number of antineutrinos produced per fission per
isotope [47].

The precision of the measured baselines was about 2 cm
with both the GPS and Total Station [48]. The geometric ef-
fect due to the finite size of the reactor cores and the antineu-
trino detectors, whose dimensions are comparable to the os-
cillation length at |�m2| ⇠ eV2, was assessed by assuming
that antineutrinos were produced and interacted uniformly in
these volumes. The impact was found to be unimportant in the
range of �m2 where Daya Bay is most sensitive (|�m2| <
0.3 eV2). Higher order effects, such as the non-uniform pro-
duction of antineutrinos inside the reactor cores due to a par-
ticular reactor fuel burning history, also had a negligible im-
pact on the final result.
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FIG. 1. (color online) Prompt energy spectra observed at EH2 (top)
and EH3 (bottom), divided by the prediction from the EH1 spectrum
with the three-neutrino best fit oscillation parameters from the previ-
ous Daya Bay analysis [45]. The gray band represents the uncertainty
of three-neutrino oscillation prediction, which includes the statistical
uncertainty of the EH1 data and all the systematic uncertainties. Pre-
dictions with sin2 2✓14 = 0.1 and two representative |�m2

41| values
are also shown as the dotted and dashed curves.

The greatest sensitivity to sin2 2✓14 in the |�m2
41| <

0.3 eV2 region came from the relative measurements between
multiple EHs at different baselines. Figure 1 shows the ra-
tios of the observed prompt energy spectra at EH2 (EH3)
and the three-neutrino best fit prediction from the EH1 spec-
trum [45]. The data are compared with the 3+1 neutrino os-
cillation with sin2 2✓14 = 0.1 and two representative |�m2

41|
values, illustrating that the sensitivity at |�m2

41| = 4 ⇥ 10�2

(4 ⇥ 10�3) eV2 came primarily from the relative spectral
shape comparison between EH1 and EH2 (EH3). Sensitiv-
ities for various combinations of the data sets from differ-
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FIG. 2. (color online) Comparison of the 95% CLs sensitivities
(see text for details) for various combinations of the EH’s data. The
sensitivities were estimated from an Asimov Monte Carlo data set
that was generated without statistical nor systematic variations. All
the Daya Bay sensitivity curves were calculated assuming 5% rate
uncertainty in the reactor flux except the dot-dashed one, which
corresponds to a comparison of spectra only. Normal mass hier-
archy was assumed for both �m2

31 and �m2
41. The dip structure

at |�m2
41| ⇡ 2.4 ⇥ 10�3 eV2 was caused by the degeneracy be-

tween sin2 2✓14 and sin2 2✓13. The green dashed line represents
Bugey’s [32] 90% C.L. limit on ⌫e disappearance and the magenta
double-dot-single-dashed line represents the combined KARMEN
and LSND 95% C.L. limit on ⌫e disappearance from ⌫e-carbon cross
section measurements [33].

ent EHs were estimated with the method described later in
this Letter, and are shown in Fig. 2. The sensitivity in the
0.01 eV2 < |�m2

41| < 0.3 eV2 region originated predom-
inantly from the relative measurement between the two near
halls, while the sensitivity in the |�m2

41| < 0.01 eV2 region
arose primarily from the comparison between the near and far
halls. The high-precision data at multiple baselines are essen-
tial for probing a wide range of values of |�m2

41|.
The uncertainty of the reactor flux model’s normalization

had a marginal impact in the |�m2
41| < 0.3 eV2 region. For

|�m2
41| > 0.3 eV2, spectral distortion features are smeared

out and the relative measurement loses its discriminatory
power. The sensitivity in this region can be regained by com-
paring the event rates of the Daya Bay near halls with the flux
model prediction, which will be reported in a future publica-
tion. In this Letter, we focus on the |�m2

41| < 0.3 eV2 region.
Three independent analyses were conducted, each with a

different treatment of the predicted reactor antineutrino flux
and systematic errors. The first analysis used the predicted re-
actor antineutrino spectra to simultaneously fit the data from
the three halls, in a fashion similar to what was described in

the recent Daya Bay spectral analysis [45]. A binned log-
likelihood method was adopted with nuisance parameters con-
strained with the detector response and the backgrounds, and
with a covariance matrix encapsulating the reactor flux uncer-
tainties as given in the Huber [49] and Mueller [39] flux mod-
els. The rate uncertainty of the absolute reactor ⌫e flux was
enlarged to 5% based on Ref. [40]. The fit used sin2 2✓12 =
0.857 ± 0.024, �m2

21 = (7.50 ± 0.20) ⇥ 10�5 eV2 [50]
and |�m2

32| = (2.41 ± 0.10) ⇥ 10�3 eV2 [51]. The values
of sin2 2✓14, sin2 2✓13 and |�m2

41| were unconstrained. For
the 3+1 neutrino model, a global minimum of �2

4⌫/NDF =
158.8/153 was obtained, while the minimum for the three-
neutrino model was �2

3⌫/NDF = 162.6/155. We used the
��2 = �2

3⌫ � �2
4⌫ distribution obtained from three-neutrino

Monte Carlo samples that incorporated both statistical and
systematic variations to obtain a p-value [52] of 0.74 for
��2 = 3.8. The data were thus found to be consistent with
the three-neutrino model, and there was no significant evi-
dence for sterile neutrino mixing.

The second analysis performed a purely relative compar-
ison between data at the near and far halls. The observed
prompt energy spectra of the near halls were extrapolated
to the far hall and compared with observation. This process
was done independently for each prompt energy bin, by first
unfolding it into the corresponding true antineutrino energy
spectrum and then extrapolating to the far hall based on the
known baselines and the reactor power profiles. A covariance
matrix, generated from a large Monte Carlo dataset incorpo-
rating both statistical and systematic variations, was used to
account for all uncertainties. The resulting p-value was 0.87.
More details about this approach can be found in Ref. [53].

The third analysis exploited both rate and spectral informa-
tion in a way that is similar to the first method but using a
covariance matrix. This matrix was calculated based on stan-
dard uncertainty propagation methods, without an extensive
generation of Monte Carlo samples. The obtained p-value was
0.74.

The various analyses have complementary strengths. Those
that incorporated reactor antineutrino flux constraints had a
slightly higher reach in sensitivity, particularly for higher val-
ues of |�m2

41|. The purely relative analysis was more ro-
bust against uncertainties in the predicted reactor antineu-
trino flux. The different treatments of systematic uncertainties
provided a thorough cross-check of the results, which were
found to be consistent for all the analyses in the region where
the relative spectral measurement dominated the sensitivity
(|�m2

41| < 0.3 eV2). As evidenced by the reported p-values,
no significant signature for sterile neutrino mixing was found
by any of the methods.

Two methods were adopted to set the exclusion limits in
the (|�m2

41|, sin2 2✓14) space. The first one was a frequen-
tist approach with a likelihood ratio as the ordering principle,
as proposed by Feldman and Cousins [54]. For each point
⌘ ⌘ (|�m2

41|, sin2 2✓14), the value ��2
c(⌘) encompassing

a fraction ↵ of the events in the �2(⌘) � �2(⌘best) distri-
bution was determined, where ⌘best was the best-fit point.

Figure 4: Spectral ratios and expected distortion from two different values of ∆m2, corresponding to a fourth
“sterile” neutrino, along with our excluded region in this parameter and mixing angle. Figures taken from
our recent publication [13] based on our first 217 days of data.

5. Preliminary results on reactor flux and spectrum

Our collaboration is nearing completion of an analysis of the absolute neutrino flux and spec-
trum shape. This necessitates tight control on systematic uncertainties associated with absolute
energy and efficiency calibrations, and this talk also presented preliminary results based on the first
217 days of data, using six antineutrino detectors.

A first principles calculation of the reactor neutrino spectrum is quite difficult, especially for
a commercial power plant reactor where the flux will change over time as the core evolves, pro-
ducing more fissions from isotopes of plutonium over time. Historically, calculations are done
using a technique that inverts measurements of beta spectra, taken under conditions that attempt to
recreate the environment in a reactor core. These inversions are not unique, however and require
additional assumptions that are, in some cases, difficult to quantify. For this work, we compare to
two inversion calculations [19, 20] based on data from ILL [21] as well as an older first-principles
derivation [22].

Figure 5 shows preliminary results from our analysis. We determine a neutrino yield Y0 in
units of cm2/GW·day, or equivalently σ f in cm2/fission, from our observed inverse beta decay rate,
corrected for efficiencies and neutrino oscillations. The yield is calculated using calibrations for
each of the six detectors in this data set. Each detector gives consistent results with each other after
various corrections are applied. The common systematic error results in a value for Y0 between
1.52 and 1.59× 10−18 cm2/GW-day, generally lower than the predicted values. (This deficit is
consistent with the reactor neutrino anomaly [15].)

Even though the general trend is to observe fewer neutrinos than predicted, the spectrum in
Figure 5 also shows an enhancement near 5 MeV. This “bump” is rather surprising, but it has
been seen in other recent high-statistics reactor neutrino experiments. A different approach [23]
to calculating the reactor neutrino spectrum, however, seems to suggest that this enhancement
is actually an inherent feature. Understanding this development thoroughly will require further
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Figure 5: Preliminary results on the absolute neutrino flux and spectral shape from the Daya Bay collabora-
tion. The left panel shows our flux determination with each of the six detectors from our initial data set. See
the text for a discussion of the predicted values. The right plots the prompt energy spectrum compare to one
calculation, showing the energy dependence of the overall deficit, but also an expected feature near 5 MeV.

analysis, new calculations, and quite possibly new experiments aiming more directly at measuring
the fundamental neutrino flux.
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