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1980s & 1990s - Reactor neutrino flux 
measurements in U.S. and Europe 

1995 - Nobel Prize to Fred Reines at UC Irvine

2003 - First observation of reactor 
antineutrino disappearance

Next - Discovery and 
precision measurement 
of θ13 

1956 - First observation 
of (anti)neutrinos

Past Reactor Experiments
Hanford
Savannah River
ILL, France
Bugey, France
Rovno, Russia
Goesgen, Switzerland
Krasnoyark, Russia
Palo Verde
Chooz, France

Neutrino Physics at Reactors

2004 - Evidence for 
spectral distortion

2008 - Precision measurement of 
Δm122 . Evidence for oscillation

KamLAND

Chooz

Savannah River

Chooz

Daya Bay
Double Chooz
Reno



Karsten Heeger, Univ. of Wisconsin TIPP2011, June 11, 2011 

1956 - “Observation of the Free 
Antineutrino” by Reines and Cowan

Discovery of the Neutrino 

inverse beta decay
νe + p → e+ + n
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Antineutrino Detection

νe + p → e+ + n

Eνe ≅ Ee+ + En + (Mn-Mp) + me+

including E from e+ annihilation, Eprompt=Eν - 0.8 MeV

10-100 keV 1.805 MeV

coincidence signature

prompt e+ and delayed 
neutron capture

inverse beta decay
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Reactor Antineutrinos
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Observable !  Spectrum

From Bemporad, Gratta and Vogel

calculated reactor 
spectrum

observed spectrum

mean energy of νe: 3.6 MeV
only disappearance expts possible
cross-section accurate to +/-0.2%

time-dependent rate and spectrum

νe from n-rich fission products

~ 200 MeV per fission

~ 6 νe per fission

~ 2 x 1020 νe/GWth-sec



Karsten Heeger, Univ. of Wisconsin TIPP2011, June 11, 2011 

Japan
Kamioka

KamLAND Antineutrino Oscillation (L~180km)

55 reactors

KamLAND

L0=180km

2003
2

tomultiplier tubes (PMTs) is mounted on the inner surface of

the sphere. A subset of 554 PMTs, referred to as “20-inch

tubes”, are reused from the Kamiokande experiment, while

the remaining 1325 PMTs are a faster version masked to 17

inches. A 3.2-kton cylindrical water-Cherenkov outer detector

(OD), surrounding the containment sphere, provides shielding

and operates as an active cosmic-ray veto detector.

Electron anti-neutrinos are detected via inverse β-decay,
νe + p → e+ + n, with a 1.8MeV threshold. The prompt
scintillation light from the e+ gives a measure of the incident

νe energy, Eνe
" Ep + En + 0.8MeV, where Ep is the

prompt event energy including the positron kinetic and anni-

hilation energy, and En is the average neutron recoil energy,

O(10 keV). The neutron is captured about 200µs mean time
after the prompt event. More than 99% capture on free pro-

tons, resulting in a deuteron and a 2.2MeV γ ray.
KamLAND is surrounded by 55 Japanese nuclear power re-

actor units, each an isotropic νe source. The reactor operation

records, including thermal power generation, fuel burnup, and

exchange and enrichment logs, are provided by a consortium

of Japanese electric power companies. This detailed infor-

mation, combined with publicly available data about the rest

of the world’s reactors, is used to calculate the instantaneous

fission rates using a reactor model [4]. Only four isotopes

contribute significantly to the νe spectra; the ratios of the fis-

sion yields averaged over the entire data taking period are:
235U : 238U : 239Pu : 241Pu= 0.570:0.078: 0.295: 0.057. 90Sr,
106Ru, and 144Ce, are long-lived fission daughters and con-

tribute low-energy neutrinos [5]. The emitted νe energy spec-

trum is calculated from the fission rates using the νe spectra

inferred from Ref. [6], while the spectral uncertainty is evalu-

ated from Ref. [7].

We recently commissioned an “off-axis” calibration system

capable of positioning radioactive sources within 5.5m of the

center of the detector. Multiple measurements of the detector

response at five distances between 2.8m and 5.5m indicate

that the vertex reconstruction systematic effects are radius-

and zenith-angle-dependent, but the vertex-position offsets are

smaller than 3 cm and independent of azimuthal position. The

fiducial volume (FV) is determined with 1.6% uncertainty up

to 5.5m using the off-axis calibration system. The position

distribution of the β-decays of muon-induced 12B/12N inde-

pendently confirm this with 4.0% uncertainty by comparing

the number of events inside 5.5m to the number produced in

the full LS volume. The 12B/12N event ratio is used to es-

tablish the uncertainty between 5.5m and 6m, resulting in a

combined 6-m-radius FV uncertainty of 1.8%.

Off-axis calibration measurements and numerous central-

axis deployments of 60Co, 68Ge, 203Hg, 65Zn, 137Cs,
241Am9Be and 210Po13C radioactive sources were used to es-

tablish the detector reconstruction properties. For the 17-inch

and 20-inch PMTs combined, the vertex reconstruction res-

olution is ∼12 cm/
√

E(MeV) and the energy resolution is

6.5%/
√

E(MeV). The scintillator response is corrected for
non-linear effects from quenching of the scintillation light and

Cherenkov light production. The systematic variation of the

TABLE I: Estimated systematic uncertainties relevant for the neu-

trino oscillation parameters ∆m2
21 and θ12. The total uncertainty on

∆m2
21 is 2.0%, while the total uncertainty on the expected event rate

(and mainly affecting θ12) is 4.1%.

Detector-related (%) Reactor-related (%)

∆m2
21 Energy scale 1.9 νe-spectra [7] 0.6

Event rate

Fiducial volume 1.8 νe-spectra 2.4

Energy threshold 1.5 Reactor power 2.1

Efficiency 0.6 Fuel composition 1.0

Cross section 0.2 Long-lived nuclei 0.3

energy reconstruction over the data-set give an absolute en-

ergy scale uncertainty of 1.4%; the distortion of the E-scale

results in a 1.9% uncertainty on ∆m2
21, while the uncertainty

at the analysis threshold gives a 1.5% uncertainty on the event

rate. Table I summarizes the systematic uncertainties in deter-

mining the neutrino oscillation parameters. The uncertainty

on∆m2
21 is 2.0%, while the uncertainty on the expected event

rate, which primarily affects θ12, is 4.1%.

For the analysis we require 0.9MeV< Ep < 8.5MeV. The
delayed energy Ed must satisfy 1.8MeV< Ed < 2.6MeV
or 4.0MeV< Ed < 5.8MeV, corresponding to the neutron-
capture γ energies for protons and 12C, respectively. The

time difference (∆T ) and distance (∆R) between the prompt
event and delayed neutron capture are selected to be 0.5µs<
∆T < 1000µs and ∆R < 2m. The accidental coincidence
rate rapidly increases near the balloon surface (R= 6.5m),
reducing the signal-to-background ratio. We use constraints

on event characteristics to suppress accidental backgrounds

while maintaining high efficiency. The prompt and delayed

radial distance from the detector center (Rp, Rd) must be less

than 6m. To discriminate signal from background, we con-

struct a probability density function (PDF) for accidental coin-

cidence events, facc(Ed, ∆R, ∆T, Rp, Rd), by pairing events
in a delayed-coincidence window between 10ms and 20 s. A

PDF for the νe signal, fνe
(Ed, ∆R, ∆T, Rp, Rd), is created

by a Monte Carlo simulation of the prompt and delayed events

using the measured neutron capture time (207.5± 2.8µs) and
detector energy resolution. In determining fνe

, we integrate

Ep over the oscillation-free reactor spectrum including a con-

tribution from geo-neutrinos estimated from a geological ref-

erencemodel [8]. A discriminator value,L = fνe

fνe
+facc

, is cal-

culated for each candidate pair that passes the earlier cuts. To

discriminate νe-candidates from accidental-background we

establish a selection value Lcut(Ep) in prompt energy in-
tervals of 0.1MeV optimized for maximal signal sensitivity

(L > Lcut(Ep) for signal-like events). Lcut(Ep) is the
value of L at which the figure-of-merit, S√

S+Bacc

is maximal,

where S and Bacc are the number of signal and accidental-

background events calculated from fνe
and facc, respectively.

The selection efficiency ε(Ep) is estimated from the frac-

tion of selected coincidence events relative to the total gener-

ated in R< 6m in the simulation, see Fig. 1(top). The increas-

total systematic uncertainty: 4.1%
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FIG. 2: Allowed region for neutrino oscillation parameters from

KamLAND and solar neutrino experiments. The side-panels show

the ∆χ2-profiles for KamLAND (dashed) and solar experiments

(dotted) individually, as well as the combination of the two (solid).

unbinned data is assessed with a maximum likelihood fit to

two-flavor neutrino oscillation (with θ13 = 0), simultaneously

fitting the geo-neutrino contribution. The method incorporates

the absolute time of the event to account for time variations

in the reactor flux and includes Earth-matter oscillation ef-

fects. The best-fit is shown in Fig. 1. The joint confidence

intervals give ∆m2
21 = 7.58+0.14

−0.13(stat)+0.15
−0.15(syst) × 10−5 eV2

and tan2 θ12 = 0.56+0.10
−0.07(stat)+0.10

−0.06(syst) for tan2 θ12<1. A

scaled reactor spectrum without distortions from neutrino os-

cillation is excluded at more than 5σ. An independent anal-

ysis using cuts similar to Ref. [2] finds ∆m2
21 = 7.66+0.22

−0.20 ×

10−5 eV2 and tan2 θ12 = 0.52+0.16
−0.10.

The allowed contours in the neutrino oscillation parame-

ter space, including ∆χ2-profiles, are shown in Fig. 2. Only

the so-called LMA-I region remains, while other regions

previously allowed by KamLAND at ∼2.2σ are disfavored

at more than 4σ. When considering three-neutrino oscilla-

tion, the KamLAND data give the same result for ∆m2
21,

and a slightly increased uncertainty on θ12. The parame-

ter space can be further constrained by incorporating the re-

sults of SNO [15] and solar flux experiments [16] in a two-

neutrino analysis with KamLAND assuming CPT invariance.

The oscillation parameters from this combined analysis are

∆m2
21 = 7.59+0.21

−0.21 × 10−5 eV2 and tan2 θ12 = 0.47+0.06
−0.05.

In order to assess the number of geo-neutrinos, we fit the

normalization of the νe energy spectrum from the U and Th-

decay chains simultaneously with the neutrino oscillation pa-

rameter estimation using the KamLAND and solar data; see

Fig. 3. The time of the event gives additional discrimination

power since the reactor contribution varies. The fit yields 25

and 36 detected geo-neutrino events from the U and Th-decay

chains, respectively, but there is a strong anti-correlation. Fix-
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FIG. 3: The low-energy region of the νe spectrum relevant for geo-

neutrinos. The main panel shows the data with the fitted back-

ground and geo-neutrino contributions; the upper panel compares

the background and reactor-νe-subtracted data to the number of geo-

neutrinos for the decay chains of U (dashed) and Th (dotted) calcu-

lated from a geological reference model [8].
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FIG. 4: Ratio of the background and geo-neutrino subtracted νe

spectrum to the expectation for no-oscillation as a function of

L0/E. L0 is the effective baseline taken as a flux-weighted aver-

age (L0 = 180 km); the energy bins are equal probability bins of the

best-fit including all backgrounds (see Fig. 1). The histogram and

curve show the expectation accounting for the distances to the indi-

vidual reactors, time-dependent flux variations and efficiencies. The

error bars are statistical and do not include correlated systematic un-

certainties in the energy scale.

ing the Th/U mass ratio to 3.9 from planetary data [17], we

obtain a combined U+Th best-fit value of 73± 27 events cor-

responding to a flux of (4.4± 1.6)×106 cm−2s−1, in agree-

ment with the geological reference model.

The KamLAND data, together with the solar ν data, set an

upper limit of 6.2 TW (90% C.L.) for a νe reactor source at the

Earth’s center, assuming that the reactor produces a spectrum

identical to that of a slow neutron artificial reactor.

The ratio of the background-subtractedνe candidate events,

including the subtraction of geo-neutrinos, to the expectation

assuming no neutrino oscillation is plotted in Fig. 4 as a func-

tion of L0/E. The spectrum indicates almost two cycles of the

2008
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Precision Measurement of θ13 with Reactor Antineutrinos

Search for θ13 in new oscillation experiment with multiple detectors

~1-1.8 km

> 0.1 km
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detector 1 detector 2

νe

Daya Bay Reactors:
Powerful νe source, multiple cores 
11.6 GWth now,17.4 GWth in 2011
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Measured
Ratio of 
Rates sin22θ13

Measure ratio of interaction rates in multiple detectors

near far

νe

distance L ~ 1.5 km

Concept of Reactor θ13 Experiments

Detector
Mass Ratio, 

H/C

mass measurement

Detector
Efficiency

Ratio

calibration

cancel reactor systematics, no fiducial volume cuts
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Daya Bay, China
http://dayawane.ihep.ac.cn/

RPCswater pool
muon veto system

experimental hall

PMTs
antineutrino detectors

multiple detectors per site 
cross-check efficiency 

http://dayawane.ihep.ac.cn
http://dayawane.ihep.ac.cn
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entrance

Daya Bay Underground Laboratory

liquid scintillator hall

tunnel

experimental hall

!

LS hall

entrance
Daya Bay 
near hall

Ling Ao
near hall

Far hall
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Daya Bay Antineutrino Detectors

• 8 “identical”, 3-zone detectors 
• no position reconstruction, no fiducial cut

target mass:          20t per detector
detector mass:      ~ 110t
photosensors:       192 PMTs
energy resolution:  12%/√E

photomultipliers

νe + p → e+ + n

acrylic tanks
steel tank

calibration 
system

Gd-doped 
liquid scintillator

liquid 
scintillator

mineral oil
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νe + p → e+ + n
Gd-doped 

liquid scintillator

Daya Bay Antineutrino Detectors

= 5m diameter (tunnel limitations)

oil buffer (MO) thickness

> 15cm buffer between 
PMT and OAV

4 ANTINEUTRINO DETECTOR 88

Gamma catcher thickness (cm)
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Fig. 4.6. The neutron detection efficiency as a function of the thickness of the γ-

catcher. The neutron energy cut is set at 6 MeV. The thickness of the γ catcher of

the Daya Bay experiment will be 42.5 cm.

the vertex selection uncertainty, the resulting efficiency values are consistent with simulation. After a com-3018

prehensive study of detector size, detection efficiency, and experimental uncertainties, we choose 42.5 cm3019

as the thickness of the γ-catcher.3020

4.1.5 Oil Buffer3021

The outermost zone of the detector module is composed of mineral oil. The PMTs will be mounted3022

in the mineral oil next to the stainless steel vessel wall, facing radially inward. This mineral oil layer is3023

optically transparent and emits very little scintillation light. There are two primary purposes for this layer:3024

1) to attenuate radiation from the PMT glass, steel tank and other sources outside of the module; and 2)3025

to ensure that PMTs are sufficiently far from the liquid scintillator so that the light yield is quite uniform.3026

Simulations indicate that the location of light emission should be at least 15 cm away from the PMT surface,3027

as indicated in Fig. 4.7.3028

The oil buffer is also used to attenuate radiation from the PMT glass into the fiducial volume. Simulation3029

shows that with 20 cm of oil buffer between the PMT glass and the liquid scintillator, the radiation from the3030

PMT glass detected in the liquid scintillator is 7.7 Hz, as summarized in Table 4.2.3031

The welded stainless steel in KamLAND has an average radioactivity of 3 ppb Th, 2 ppb U, 0.2 ppb3032

K, and 15 mBq/kg Co. Assuming the same radioactivity levels for the vessel of the Daya Bay antineutrino3033

detector module, the corresponding rate from the stainless steel tank can be found in Table 4.3. The total3034

rate is ∼20 Hz.3035

The natural radioactivity of rock, buffer water, mineral oil, dust, radon and krypton in air play a minor3036

role, as described in Section 2.3.4. The total γ rate is <50 Hz. The oil buffer will be sufficient to suppress3037

the γ rate and the subsequent uncorrelated backgrounds to an acceptable level.3038

The dimensions of the antineutrino detector modules are shown in Table 4.4.3039

4.1.6 Optical Reflective Panels3040

Optical reflective panels will be put at the top and bottom of the cylinder. PMT numbers can be reduced3041

to nearly one half comparing to the 4π PMT installation, while keeping the same photocathode coverage. The3042

gamma catcher (LS) thickness

thickness
= 42.3 cm

det. efficiency
> 91.5%Ef

fic
ie

nc
y 

(%
)

• 8 “identical”, 3-zone detectors 
• no position reconstruction, no fiducial cut

liquid 
scintillator

mineral oil
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Antineutrino Detection

events/day  per 20 ton module

Prompt Energy Signal

1 MeV

Daya Bay near site         840 
Ling Ao near site            760 
Far site$$              90 

6 MeV 10 MeV

Delayed Energy Signal

→ + Gd → Gd*

     0.3 b

49,000 b

→ + p → D + γ (2.2 MeV)     (delayed)

νe + p → e+ + n

 → Gd + γʼs (8 MeV) (delayed)

Signal and Event Rates

high-statistics 
experiment! 
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Detection Efficiencies

6 MeV 10 MeV

Delayed n Signal

6 MeV cut for delayed neutrons: 91.5%,
uncertainty 0.22% assuming 1% energy 
uncertainty

Prompt e+ Signal

1 MeV cut for prompt positrons: >99%, 
uncertainty negligible

Daya Bay Antineutrino Detectors

no position 
reconstruction 
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design and integration

Detector Acrylic Target Vessels

pairwise fabrication, cleaning, and QA shipment and transport handling

Daya Bay Antineutrino Detectors

Bryce Littlejohn, poster
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Detector Acrylic Target Vessels

material characterization

UV degradation 
with time

stress analysis

Daya Bay Antineutrino Detectors

Bryce Littlejohn, poster
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reflector flattens detector response

specular reflectors consist of ESR® high 
reflectivity film on acrylic panels

to
ta

l p
e

without reflector

with reflector

Daya Bay Antineutrino Detectors
Top/Bottom Reflectors
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500L fluor-LAB
Two 1000L 0.5% 
Gd-LAB

5000L 0.1% 
Gd-LS

0.1% Gd-LS in 
5000L tank

Daya Bay experiment uses 185 ton 0.1% gadolinium-
loaded liquid scintillator (Gd-LS). 
Gd-TMHA + LAB + 3g/L PPO + 15mg/L bis-MSB

18

Gd-LS stability in 4-ton test
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Gd-LS will be produced in multiple 
batches but mixed in reservoir on-
site, to ensure identical  detectors. 

λ=10m 

Daya Bay Antineutrino Detectors
Gd-Liquid Scintillator Production
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Systematic Uncertainties

Absolute
measurement

Relative
measurement

O(0.2-0.3%) precision for relative measurement between 
detectors at near and far sites

Detector-Related Uncertainties

Ref: Daya Bay TDR
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Detector Assembly in Pairs

Daya Bay Antineutrino Detectors
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near far

νe

distance 
L ~ 1.5 km

Daya Bay Antineutrino Detectors

Antineutrino Detector Pairs
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Systematic Uncertainties

Absolute
measurement

Relative
measurement

O(0.2-0.3%) precision for relative measurement between 
detectors at near and far sites

Detector-Related Uncertainties

Ref: Daya Bay TDR
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Detector Filling & Target Mass Measurement
filling platform 
with clean room

ISO Gd-LS weighing tank

pump stations

detector

load cell 
accuracy < 0.02%

Coriolis mass 
flowmeters < 0.1%

Gd-LS MOLS

200-ton Gd-LS reservoir

20-ton ISO tank

filling “pairs” of detectors
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Detector Filling and Target Mass Measurement

Tom Wise, Sat, 14.40

estimated target 
mass error < 0.05%
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Systematic Uncertainties

Absolute
measurement

Relative
measurement

O(0.2-0.3%) precision for relative measurement between 
detectors at near and far sites

Detector-Related Uncertainties

Ref: Daya Bay TDR
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Component Parameter Variation between As-Built ADs
Resultant Variation in Respnose Metric

n Det n Eff. Light
Other

Eff. (%) Unc. (%) Yield (%)

AVs

Shape/dimensions Target volumes vary by ¡0.5% 0.1 <0.01 - -
Thickness Avg. thicknesses <1 mm different 0.3 <0.01 - -
Positioning Concentric to <5 mm <0.1 <0.01 - -

Optical Properties Attn. lengths for QA from 1 m to 10 m <0.1 <0.01 4.4 -

AD Liquids

Shape GC Non-scint. volume varies by <1% <0.2 <0.01 - -
Optical Properties Unknown - - - -

H/Gd Ratio 2% between batches and storage tanks - 0.3% - -
H/C Ratio Unknown, but likely <0.1% - - - Event rate by <0.1

Reflector

Dimensions Diameter <2 mm Negl. Negl. 0.01 -
Reflectivity <2% Negl. Negl. <1 -

Shape <2 cm sag Negl. Negl. 0.4
Energy Bias Max: 1%

Position Bias Max: 1 cm

PMTs
Dist. to AD center <2 cm Negl. Negl. 0.5 -
Dist. to radial shield <3 mm Negl. Negl. 2.0 -

Dead PMTs None yet observed - - - -

Rad. Shield
Reflectivity Likely <10% Negl. Negl. <1.0 -

Shape Surface area >0.5% Negl. Negl. <0.1 -

All
Radioactivity All materials pass QA testing - - - No Predicted Variation

Opaque Inclusions Less than 30 cm diameter Negl. Negl. <0.3 -

Spill-in/out Effects Result of other variations - - -
Spill-in variation: 0.06%
Spill-in variation: 0.03%

Table 5: A table summarizing the variations of parameters measured in the as-built ADs, along with the attendant expected changes in
detector response. “Negl.” means that the change in light yield accompanying an as-built variation is so small that the other metrics
will exhibit negligible change.

17

evaluate changes in detector response metrics
 
calibration sources will determine detector 
response

near far

νe

distance 
L ~ 1.5 km

Daya Bay Antineutrino Detectors

Antineutrino Detector Pairs

Acrylic Vessels

Target Liquids

Reflector

PMTs

etc ....

n detection 
efficiency

n efficiency 
uncertainty

light yield
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Detector Systematics and Sensitivity to θ13

baseline: σdet=0.38%
goal: σdet=0.18%

near far

νe

distance 
L ~ 1.5 km

Antineutrino Detector Pairs

How sensitive is the Daya 
Bay experiment to relative 
detector systematics? 

detector related uncertainty (%)

si
n2

2θ
13
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Antineutrino Detector Assembly

Jan 2010
Henry Band, Thurs, 15.00
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Double-pulse LED to mimic ν   interaction

Detector dry run took place in assembly 
building (above ground). Can see muon 
events.

PMT Charge (PE) with LED 

LED flashing

Deploying calibration LED
Photo taken by internal AD camera

Antineutrino Detector Dry Run

First Detector Data
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Antineutrino Detector Dry Run

charge pattern from 
calibration LEDs

“reconstruct” 
calibration LED 
position in detector

mimic antineutrino 
signal using 
calibration LEDs

Commissioning experience
- detector and electronics can stably 
operate for several days
- commissioning calibration system
- improvement of PMT electronics
- processing data online and offline
detector and analysis experience
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Antineutrino Detector Test Transport
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Sensitivity of Daya Bay

sin22θ13  < 0.01 @ 90% CL 
in 3 years of data taking

Jul 2011 start data taking with near site
2012 start data taking with full experiment

Daya Bay is most sensitive reactor θ13 experiment under construction.
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Daya Bay Talks at TIPP2011
Detector Talks
• Antineutrino Detectors for a High-Precision Measurement of θ13 at Daya Bay (K. 

Heeger Saturday 12:00)
• Daya Bay Antineutrino Detector Assembly and Installation (H. Band. Thursday, 

14.00)
• High Precision Measurement of the Target Mass of the Daya Bay Detectors (T. 

Wise, Saturday 14:40)
Electronics Talks
• The DAQ and Trigger Systems for the Daya Bay Reactor Neutrino Experiment (C. 

White, Saturday 15:00)
• The Front-end Electronics for the Daya Bay Reactor Neutrino Experiment ( Z. 

Wang, Saturday 14:00)

Posters
• Development and Characterization of the Acrylic Target Vessels for the Daya Bay ν 

Detectors (B. Littlejohn, poster)
• Detector Control System Design of Daya Bay Neutrino Experiment (M. YE, poster)
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Summary and Conclusions

• Reactor experiments have played central role in history of neutrino 
physics

• Daya Bay antineutrino detectors optimized for high-precision 
measurement of θ13 with 
– cancellation of systematics between multiple detectors
– relative detector uncertainties of < 0.4%
– novel 3-zone design with no fiducial volume cut or position 

reconstruction
– pairwise detector filling and installation of identical, matched 

detector pairs

• Upcoming reactor experiments will measure θ13. Key to neutrino 
model building. Measurement of sin22θ13 > 0.01 is key to planning 
leptonic CPV searches in long-baseline ν oscillation experiments.
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~ 230 collaborators

Daya Bay Collaboration

United States (15)(~89)
BNL, Caltech, U. Cincinnati, George Mason U, 

LBNL, Iowa State U,  Illinois Inst. Tech., 
Princeton, RPI, UC-Berkeley, UCLA, 

U. of Houston,  U. of Wisconsin, Virginia Tech., 
U. of Illinois-Urbana-Champaign 

Europe (3) (9)
JINR, Dubna, Russia

Kurchatov Institute, Russia
Charles University, Czech Republic 

Asia (19) (~135)
IHEP, Beijing Normal U., Chengdu U. of Sci. and 

Tech., CGNPG, CIAE, Dongguan Polytech. U., 
Nanjing U.,  Nankai U., Shandong U., Shanghai 

Jiaotong U., 
Shenzhen U., Tsinghua U., USTC, Zhongshan U., 

U. of Hong Kong, Chinese U. of Hong Kong, 
National Taiwan U., National Chiao Tung U., National 

United U.
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