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Reactor Neutrino – A tool for discovery

1995 - Nobel Prize to Fred 
Reines at UC Irvine

2003 - First observation of reactor 
antineutrino disappearance

1956 - First observation of 
(anti)neutrinos

2012 - Measurement of θ13
with Reactor Neutrinos

Savannah River

KamLAND

Daya Bay
Double Chooz

RENO

?

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

Threshold: neutrinos with E < 1.8 MeV 
are not detected

Disappearance experiments

inverse beta decay  
νe + p → e+ + n

Source Detection
Pure νe from β-decays 
of n-rich fission products

> 99.9% of νe are produced by fissions 
in 235U, 238U, 239Pu, 241Pu
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Rich reactor Neutrino program at different baselines

From: Vogel, Wen, Zhang
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Reactor antineutrino anomaly: deficit in the observed reactor flux
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If the deficit is due to anti-𝑣e
disappearance: 
New oscillation signal requires 
Δm2 ~ O(1eV2) and sin22θ ~ 0.1
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Other hints for sterile neutrinos

MiniBooNE
short baseline accelerator

GALLEX/SAGE
Ga source calibration

LSND
decay at rest

anti-𝜈e appearance

low energy (anti-)𝜈e appearance 𝜈e disappearance

12/16/15 Ke Han, Yale University 7



Global fit

• Various fits on 𝑣e data indicate 
Δm2~1eV2 and sin22θ~0.1

• Global fits with 𝑣𝑢 data shows tension in 
3+1 or 3+2 models.

• “Pragmatic fit” works better if ignore 
MiniBoone low energy excess.

14θ22sin
2−10 1−10 1

]2
 [e

V
142

m
∆

2−10

1−10

1

10

 CLσ Disappearance (Giunti), 2eν
SBL Reactor + Gallium Anomaly (LSN), 95% CL
SBL Reactor Anomaly (Kopp), 95% CL 

 Disappearance Expts (Kopp), 95% CL eνAll 
Gallium Anomaly (Kopp), 95% CL 

Giunti: PRD88 073008 (2013); 
arXiv:1507.08204

LSN: ArXiv: 1204.5379 (2012)
Kopp: JHEP 1305 050 (2013)

∆
m

412
   

 [e
V

2 ]

10−4 10−3 10−2 10−1 1
10−1

1

10

+

10−4 10−3 10−2 10−1 1
10−1

1

10

+

GLO
1σ
2σ
3σ

3σ
νe DIS
νµ DIS
DIS
APP

sin22ϑ eµ

Giunti
“Pragmatic fit”

12/16/15 Ke Han, Yale University 8



Implications for the Future Neutrino Program

eV-scale sterile neutrino would change:

• Expected neutrino spectrum and thus 
sensitivity to CP violation for long base 
neutrino program.

• Effective Majorana mass measured by 
neutrinoless double-beta decay.
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More from reactor neutrinos: spectrum anomaly

• The spectral bump
– ~10% excess in the 4-6 MeV region 

when compared to model calculations

• Observed in all three θ13 experiments
– RENO shows the largest bump.

Daya Bay arXiv:1508.04233

Prompt Energy [MeV]
1 2 3 4 5 6 7 8

Ev
en

ts
 / 

0.
2 

M
eV

5000

10000

15000
Data
MC

Near(a)

Prompt Energy (MeV)
1 2 3 4 5 6 7 8(D

at
a 

- M
C

) /
 M

C

0.1−

0
0.1
0.2 Prompt Energy (MeV)

1 2 3 4 5 6 7 8

Ev
en

ts
 / 

0.
2 

M
eV

500

1000

1500 Data
MC

Far(b)

Prompt Energy (MeV)
1 2 3 4 5 6 7 8(D

at
a 

- M
C

) /
 M

C

0.1−

0
0.1
0.2

RENO: arXiv: 1511.05849
12/16/15 Ke Han, Yale University 10



Difficulties in spectrum modeling

Reactor neutrino spectrum is an admixture of 
thousands beta branches from fission products 
of 235U, 238U, 239Pu and 241Pu
• Conversion method: Cumulative neutrino 

spectrum from measured beta spectrum 
• Summation method: Combine fission yields 

with decay data in databases
– Discrepancy between databases
– Decay schemes
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Very short baseline reactor neutrino programs world-wide

Introduction NUCIFER experiment STEREO experiment Conclusions

Detector design

Six cells (40x90x90) cm3 filled with
Gd-loaded liquid scintillator.

Surrounding crown filled with unloaded
liquid scintillator.

• Containment of energy leakage
• Active veto of external background

Light collection :
• Four PMTs per cell and acrylic bu�er.
• Acrylic walls and optical segmentations

with VM200.

Validation with prototype now.

Maxime Péquignot - AAP 2014 The NUCIFER and STEREO experiments 18 / 23

STEREO: Gd-LS detector at 
10m from ILL , France

SoLid/CHANDLER: 
segmented composite 
scintillator cubes at 5.5 m 
from BR2, Belgium 

Segmental 
solid plastic 
scintillator 
(2500 cells)

Sensitive
volume=1 m3

Cu (carriage
frames = 
J-shield)

CH2 + B
(n-shield)

Pb
(J-shield)

Plast. scnt.
(µ-veto)

DANSS: Segmented plastic 
scintillator at ~10m from 
KNPP, Russia 

NEOS: Gd-LS detector at 
~30m from Hanbit, Korea

Neutrino-4: Gd-LS detector  at 
6-12m from SM-3, Russia

NuLAT: Boron-loaded 
plastic scintillator cubes

3

 The SoLi∂ experiment

personal communication. By courtesy of SCK•CEN 

reactor 
core

SoLid detector modules

BR2 hall

5.5 m

• Search for new oscillation 

• Precise position and energy measurement to 
demonstrate oscillation 

• 235U flux measurement  

• improve reactor flux prediction 

• demonstrate reactor monitoring with a new 
generation of compact detectors

distance
Energy
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PROSPECT Experiment

Münster, April 10, 2014

Physics Objectives

HFIR, ORNL

Phase II 
two detectors,
movable AD-I, ~7-12m baseline
stationary AD-II, ~15-19m baseline

Phase I
one movable detector AD-I,
~7-12 m baseline

- movable detector enables systematic 
control, background checks, and 
increased physics reach

- phased approach mitigates risks 

1. Search for short-baseline oscillation at distances <10m
2. Precision measurement of 235U reactor νe spectrum

One Experiment, 2 Detectors

whitepaper, arXiv:1309.7647
PROSPECT collaboration

physics program, arXiv:1512.02202
PROSPECT collaboration
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High Flux Isotope Reactor (HFIR) at ORNL

Site Power Duty 
Cycle

Near 
Baseline

Average 
Near Flux 

Far 
Baseline

Average 
Far Flux 

NIST 20 MWth 68% 5.3m 1 17.0m 1

HFIR 85 MWth 41% 7.9m 1.1 17.9m 2.3

ATR 110 MWth 68% 10.1m 1.5 18.8m 4.5

• HEU reactor provides static 
spectrum of mainly 235U.

• Compact core avoids oscillation 
washout

• Frequent outages for 
background measurement

• Multiple accessible baselines
• Detailed core models
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PROSPECT Phase I detector

Antineutrino Detector Segments 
PMT + Light Guide + Optical Separator + 6LiLS
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PROSPECT Phase I detector

• 3000L of 6Li liquid scintillator
• 120 scintillator loaded segments, ~15x15x120cm
• Double ended PMT readout, light guides, 4.5%/√E resolutions
• Thin optical separators, minimal dead material
• Containment vessel, filled in place
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Sensitivity reach
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FIG. 8. (Top) PROSPECT Phase I and Phase II sensitivities
to a single sterile neutrino flavor. Phase I probes the best-fit
point at 4s after 1 year of data taking and has >3s reach of the
favored parameter space after 3 years. The combined reach of
Phase I+II after 3+3 years of data taking yields a 5s coverage
over the majority of the parameter space below Dm2

14⇠10 eV2.
Daya Bay exclusion curve is from [57]. (Bottom) Increase in
oscillation sensitivity to sterile neutrinos during Phase I by
operating AD-I at two positions instead of at the front or mid-
dle position only.

Antineutrino Detector 1 (AD-I)
Cross-section 1.2⇥1.45 m2

Proton density 5.5⇥1028 p/m3

Total Target Mass 2940 kg
Fiducialized Target Mass 1480 kg
Baseline range 4.4 m
Efficiency in Fiducial Volume 42%
Position resolution 15 cm
Energy resolution 4.5%/

p
E

S:B Ratio 3.1, 2.6, 1.8
Closest distance 6.9 m, 8.1 m, 9.4 m
Antineutrino Detector 2 (AD-II)
Total Target Mass ⇠10 ton
Fiducialized Target Mass ⇠70%
Baseline range ⇠4 m
Efficiency in Fiducial Volume 42%
Position resolution 15 cm
Energy resolution 4.5%/

p
E

S:B ratio 3.0
Closest distance 15 m
Operational Exposure
Phase I 1, 3 years
Phase II 3 years

TABLE I. Nominal PROSPECT experimental parameters.
Phase I consists of operating AD-I for three years split between
front, middle, and back positions. Phase II adds AD-II at a
longer baseline and operates both detectors for three additional
years.

Decreased Nominal Increased
Position Front only Movable Middle only

2.79 4.60 2.37
Position 10cm 14.6cm 20cm
Resolution 4.69 4.60 4.46
Efficiency 32% 42% 52%

3.84 4.60 5.26
Energy 3% 4.5% 20%
Resolution 4.61 4.60 4.20
Background ⇥0.33 – ⇥3
Suppression 3.92 4.60 5.00
Bin-to-Bin 0.5% 1.0% 2.0%
Uncertainty 4.69 4.60 4.30
Relative Segment 0.5% 1.0% 2.0%
Normalization 4.60 4.60 4.59
Detector 10⇥8 12⇥10 14⇥12
Size 3.23 4.60 6.02

TABLE II. The effect of varying experimental parameters
(italic) on the confidence level in the unit of s with which os-
cillations at the Kopp best-fit point can be differentiated from
the null hypothesis with one year of data-taking.

achieved with Phase II is also shown: after 3 additional
years of operation essentially all parameter space sug-
gested by ne disappearance data below 10 eV2 can be
excluded.

The dependence of the sensitivity on experimental
parameters is examined in Table II. These results clearly
validate the design focus on background rejection and
maximizing target mass, while also highlighting the
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Sensitivity reach

• 4σ test of best fit after 1 year
• >3σ test of favored region after 3 yr
• 5σ test of allowed region after 3+3 yr
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FIG. 8. (Top) PROSPECT Phase I and Phase II sensitivities
to a single sterile neutrino flavor. Phase I probes the best-fit
point at 4s after 1 year of data taking and has >3s reach of the
favored parameter space after 3 years. The combined reach of
Phase I+II after 3+3 years of data taking yields a 5s coverage
over the majority of the parameter space below Dm2

14⇠10 eV2.
Daya Bay exclusion curve is from [57]. (Bottom) Increase in
oscillation sensitivity to sterile neutrinos during Phase I by
operating AD-I at two positions instead of at the front or mid-
dle position only.

Antineutrino Detector 1 (AD-I)
Cross-section 1.2⇥1.45 m2

Proton density 5.5⇥1028 p/m3

Total Target Mass 2940 kg
Fiducialized Target Mass 1480 kg
Baseline range 4.4 m
Efficiency in Fiducial Volume 42%
Position resolution 15 cm
Energy resolution 4.5%/

p
E

S:B Ratio 3.1, 2.6, 1.8
Closest distance 6.9 m, 8.1 m, 9.4 m
Antineutrino Detector 2 (AD-II)
Total Target Mass ⇠10 ton
Fiducialized Target Mass ⇠70%
Baseline range ⇠4 m
Efficiency in Fiducial Volume 42%
Position resolution 15 cm
Energy resolution 4.5%/

p
E

S:B ratio 3.0
Closest distance 15 m
Operational Exposure
Phase I 1, 3 years
Phase II 3 years

TABLE I. Nominal PROSPECT experimental parameters.
Phase I consists of operating AD-I for three years split between
front, middle, and back positions. Phase II adds AD-II at a
longer baseline and operates both detectors for three additional
years.

Decreased Nominal Increased
Position Front only Movable Middle only

2.79 4.60 2.37
Position 10cm 14.6cm 20cm
Resolution 4.69 4.60 4.46
Efficiency 32% 42% 52%

3.84 4.60 5.26
Energy 3% 4.5% 20%
Resolution 4.61 4.60 4.20
Background ⇥0.33 – ⇥3
Suppression 3.92 4.60 5.00
Bin-to-Bin 0.5% 1.0% 2.0%
Uncertainty 4.69 4.60 4.30
Relative Segment 0.5% 1.0% 2.0%
Normalization 4.60 4.60 4.59
Detector 10⇥8 12⇥10 14⇥12
Size 3.23 4.60 6.02

TABLE II. The effect of varying experimental parameters
(italic) on the confidence level in the unit of s with which os-
cillations at the Kopp best-fit point can be differentiated from
the null hypothesis with one year of data-taking.

achieved with Phase II is also shown: after 3 additional
years of operation essentially all parameter space sug-
gested by ne disappearance data below 10 eV2 can be
excluded.

The dependence of the sensitivity on experimental
parameters is examined in Table II. These results clearly
validate the design focus on background rejection and
maximizing target mass, while also highlighting the
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Sensitivity vs. detector parameters

• Baseline coverage
• Detector mass
• Detection efficiency 
• Background suppression
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Efficiency 32% 42% 52%
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Suppression 3.92 4.60 5.00
Bin-to-Bin 0.5% 1.0% 2.0%
Uncertainty 4.69 4.60 4.30
Relative Segment 0.5% 1.0% 2.0%
Normalization 4.60 4.60 4.59
Detector 10⇥8 12⇥10 14⇥12
Size 3.23 4.60 6.02

TABLE II. The effect of varying experimental parameters
(italic) on the confidence level in the unit of s with which os-
cillations at the Kopp best-fit point can be differentiated from
the null hypothesis with one year of data-taking.

B. Precision Measurement of the Reactor ne Spectrum

PROSPECT will measure the energy spectrum of ne
emitted by an HEU reactor with a precision that ex-
ceeds previous experiments and current model predic-
tions. Between 2–6 MeV, Phase I will achieve an av-
erage statistical precision better than 1.5% and system-
atic precision better than 2%. The target energy resolu-
tion, 4.5%/

p
E, will be greater than any previous reac-

tor experiment and will allow for the detection of fine
structure in the antineutrino spectrum. In contrast to
LEU reactors where the fission fractions change as plu-
tonium isotopes are produced in the core, the simpler
HEU system allows for a more accurate evaluation of
reactor evolution and flux prediction models.

Fig. 9 shows the differences between three current
models: two based on the b�-conversion method, and
one based on ab-initio calculation. To highlight the
shape differences between models, they are shown
in ratio to a smooth approximation F(E)[60]. The
PROSPECT Phase I statistical precision is shown as the
black error bars. PROSPECT will be able to discrim-
inate between these models and directly measure the
spectrum more precisely than any of the predictions.
In addition, this measurement can be combined with
those underway at LEU reactors to extract the non-
235U contribution to the spectrum. Since current LEU
measurements, and that of HEU which we propose,
are expected to have percent-level precision, differences
should be prominent and provide another route to eval-
uate and refine reactor models.

The segmented AD-I detector is designed to enhance
the spectral measurement through careful optimization
of detector uniformity and construction techniques.
The use of low-mass reflector panels, described in more

Phase I,
Phase I,

FIG. 9. (Top) Three models of the 235U ne energy spectrum
relative to a smooth approximation. The 1s error band of
the Phase I measurement including subtraction of predicted
background (error bars) and systematic uncertainties (gray
band) are shown for comparison. An energy resolution of
4.5%/

p
E has been applied to highlight accessible features.

(Bottom) Evolution of statistical error bands for 200 keV bins
from Phase I to Phase II.

detail in Sec. V A, minimizes the non-scintillating vol-
ume that could bias the detected energy spectrum.
Multiple fiducialization schemes are being studied to
determine the optimum volume selection that maxi-
mizes detection efficiency of positron annihilation gam-
mas.

AD-II is designed to achieve at least equal statisti-
cal power to that of AD-I, even at a longer baseline.
A larger target mass and improved cosmogenic shield-
ing increase the IBD detection rate without decreased
signal-to-background ratio. Both antineutrino detectors
AD-I and AD-II are comprised of identical segments,
ensuring that systematic uncertainties will be consis-
tent. Thus, all development and characterization of AD-
I will directly apply to AD-II, simplifying the combined
analysis during Phase II.

Fig. 9 shows a comparison of the statistical error
bands, assuming 200 keV binning, for each experimen-
tal phase. With Phase II, PROSPECT will achieve an
average of 1.0% statistical uncertainty throughout the
reactor antineutrino energy range. With the combined
phases, PROSPECT will have major statistical power to
resolve and probe the spectral anomaly region and di-

Benefits from movable detector

12/16/15 Ke Han, Yale University 19



Testing models of the 235U neutrino spectrum

• Directly test/constrain reactor 
antineutrino spectrum predictions

• Compare different reactor cores
• A better understanding of the 

reactor neutrino spectrum will aid 
precision medium-baseline 
reactor experiments

Phase I,
Phase I,
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PROSPECT Detector and Shielding at HFIR Development

PROSPECT-0.1
Characterize LS
Aug 2014-Spring 2015

PROSPECT-2
Background studies
Dec 2014 - Aug 2015

PROSPECT-20
Segment characterization
Scintillator studies
Background studies
Spring/Summer 2015

PROSPECT-50
Baseline design prototype
Winter 2015

PROSPECT AD-I
Physics measurement
Late 2016

5cm length
0.1 liters

LS, 6LiLS

1x2 segments
1.2m length

50 liters
6LiLS

10x12 segments
1.2m length

~3 tons
6LiLS

12.5 length
1.7 liters

6LiLS

1m length
23 liters

LS, 6LiLS

PROSPECT-400*
Fiducialization and 
background studies
Mid 2016

4x4 segments
1.2m length

400 liters
6LiLS

*Technically ready 
to proceed directly 
to near detector 
with available 
funding

PROSPECT Phase I AD-I

reactor core

multi-layer
shielding

local reactor 
shielding
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Li loaded liquid scintillator (LiLS) with pulse shape discrimination (PSD)

• Inverse beta decay (IBD) prompt 
signal followed by delayed neutron 
capture.

• Localized signal events in LiLS
detector segments

• PSD strongly suppresses cosmogenic
correlated and reactor-induced 
uncorrelated backgrounds

prompt signal: 1-10 MeV 
positron from inverse beta 
decay
delay signal: quenched 0.6 
MeV signal from neutron 
capture on 6Li; 40μs delayed

IBD-like

accidental 
gammas

fast neutron

e+n

12/16/15 Ke Han, Yale University 22



Li-EJ309 with excellent light yield and PSD

• EJ-309 light yield (LY) = 11500 ph/MeV
• Li loaded EJ-309 LY = 8200 ph/MeV (measured)
• Prominent neutron capture peak in LiLS
• PSD FOM at (n, Li) is 1.79

• EJ-309 is non-toxic, non-flammable
• Extensive studies with LAB, Ultima Gold

Cf-252

Co-60

12/16/15 Ke Han, Yale University 23



Light collection and PSD validated in full size segments 

• PROSPECT-20 detector with unloaded EJ309 and 
LiLS

• Light collection 522±16 PE/MeV
– Reach PROSPECT goalà 4.5%/√E

• PSD FOM = 1.4
– Reject 99.9% of the background while keep 99.9% 

of the signal

• Unloaded LS studies described in JINST 10 P11004, 
arXiv:1508.06575

– Optimized detector configuration 
– Reflector choice

n-like

γ-like

n,Li

12/16/15 Ke Han, Yale University 24



Antineutrino Detector Segmentation

e+ wall study

Low-mass, optical separators

Fiducialization

ra
te
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Phase I AD-1, IBD-like 
neutron segment
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Shielding: Reactor Antineutrino Measurement Facility (RAMF) at HFIR

• local shielding next to reactor wall
• multi-layer passive shield around detector (water 

bricks, HDPE, borated HDPE, lead)
• general purpose digitizing electronics and DAQ

Layered Shielding side view

top view

12/16/15 Ke Han, Yale University 26



PROSPECT Backgrounds at HFIR

background map

varying reactor shields

IBD-like events for 
reactor-on and off
reactor generated 
backgrounds are 
minimal
IBD-like backgrounds 
are cosmogenic

Nucl. Instrum. Meth. A806 (2016) 401–419,
arXiv:1506.03547, PROSPECT collaboration
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Prototypes onsite 

• PROSPECT-20 measured cosmic backgrounds 
during reactor-off

• Monte Carlo agrees reasonably with data
• Confident in extrapolating MC to Phase I detector
• Will measure these backgrounds during reactor-

off time in Phase I

13 cm

PROSPECT-2

PROSPECT-20
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Figure 3: P20 “IBD-like” (after anti-shower cut) background timing. Red: data, blue: simulation.
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Figure 4: P20 “IBD-like” (after anti-shower cut) background energy. Red: data, blue: simulation.
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PROSPECT Signal & Background

• Signal (dashed) and background (solid) 
prompt spectra are shown through 
selection cuts

• S/B better than 1:1 is predicted.
• Rate and shape of the residual IBD-like 

background can be measured with high 
precision during reactor off periods.
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FIG. 19. (Top) PROSPECT-20 IBD-like energy distributions
from reactor-off data (red) compared to simulation for cosmic
backgrounds (blue). (Bottom) PROSPECT-20 IBD-like timing
distributions from reactor-off data (red) compared to simula-
tion for cosmic backgrounds (blue).

the results being consistent with fully explaining the
observed IBD-like rate in PROSPECT-20. Although the
IBD-like background rate is higher than the expected
ne interaction rate, improved shielding and cuts pos-
sible in the full AD-I will suppress backgrounds sub-
stantially, achieving a signal-to-background ratio of �1
according to simulation.

The validated simulation package indicates that mea-
sured IBD-like background in PROSPECT-20 is primar-
ily due to high-energy (tens to hundreds of MeV) cos-
mic neutrons, with small additions from muon interac-
tions and accidental g-ray coincidences. These mech-
anisms are also projected to be the primary source of
IBD-like background events in the PROSPECT AD-I.
By design, the multi-segment AD-I provides informa-
tion useful for identifying and vetoing most cosmic
background events. However, high-energy cosmic neu-
trons, which can penetrate undetected deeply into the
active volume before inelastic scattering interactions,
can produce time-correlated prompt ionization, highly
quenched nuclear recoils, and delayed secondary neu-
tron capture signals, and are projected to be the main
background source. The rates of cosmogenically-
produced 9Li and 8He, which also mimic IBD signals,
are estimated to be roughly two orders of magnitude
below the IBD rate, and can be measured with reactor-
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Figure 4: P2k total cosmic contributions to IBD-like background (with cuts sequence from pro-
posal).
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Figure 5: P2k signal to background projection after cuts.
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FIG. 20. (Top) Simulated AD-I IBD signal and background
spectra. Signal (dashed) and background (solid) prompt
spectra are shown through selection cuts described in the
text. Background is primarily produced by cosmogenic fast
neutrons. (Bottom) Simulated AD-I IBD signal (red) and
background (blue) spectra after all analysis cuts. Signal-to-
background of better than 1:1 is predicted. The rate and shape
of the residual IBD-like background can be measured with
high precision during reactor off periods.

Cuts IBD signal Cosmic BG
Exposure Daily Phase I Daily Phase I
PSD 1630 7.3e5 2.1e6 9.5e8
Time (1, 2, 3) 1570 7.1e5 3.4e4 1.5e7
Spatial (4, 5) 1440 6.5e5 9900 4.5e6
Fiducial (6) 660 3.0e5 250 1.1e5

TABLE III. Simulated signal and cosmic background rates in
events per day, total Phase I statistics in parentheses, in the
energy range 0.8  E  7.2 MeV, after applying background
rejection cuts.

off data.
After identification of candidate prompt and delayed

signals via deposited energy and PSD selections, addi-
tional cuts on event topology (including both time and
position information) provide two to three orders of
magnitude in background suppression. Fig. 20 demon-
strates the effectiveness of topology cuts at rejecting
cosmic ray background relative to the IBD signal.

The event selections are as follows. “Time topol-
ogy” cuts include: (1) delayed capture must occur
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IBD signal
backgrounds 
after cuts

Simulated event rates (0.8 ≤ E ≤ 7.2 MeV) after applying 
background rejection cuts
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Optical and source calibration

pulsed laser sources
- LiLS light transmission
- PMT gain and timing

encapsulated γ sources
- energy scale
- scintillator non-linearity

neutron sources
- PSD calibration
- neutron detection efficiency

radioactive and cosmogenic backgrounds will be 
used to monitor and calibrate detector response 
between source deployments

Example: PROSPECT-20
- through going muons
- 40K
- n capture on 6Li

R&D on scintillator spiking with 227Ac
- segment uniformity, relative LiLS mass measurements

optical fiber 

fiber+sleeve+diffuser

detector 
segments

antineutrino detector
with optical and source calibration 

source deployment system
with string and guide tubes

motor 
system

source 
path

detector 
segments 

optical calibration system
with string and guide tubes

routing between segments 
and PMT modules
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Ongoing: PROSPECT-50

• Mechanical prototype to validate 
detector components and test 
operation of subsystems.

– PMT housing with light guide
– Reflectors
– Calibration
– LS filling

12/16/15 Ke Han, Yale University 31



Ongoing: detector nonlinearity with a Compton spectrometer

• Study non-linearities at low energies using 
mono-energetic electrons with Compton 
coincidence spectrometer.

– Liquid scintillator 
– Detector (end-to-end)

• HPGe detector commissioning and 
simulation underway

12/16/15 Ke Han, Yale University 32
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PROSPECT Collaboration

Brookhaven National Laboratory
Drexel University
Illinois Institute of Technology

Lawrence Livermore National Laboratory
Le Moyne College
National Institute of Standards and Technology
Oak Ridge National Laboratory
Temple University
University of Tennessee

University of Waterloo
University of Wisconsin
College of William and Mary
Yale University

Collaboration photo onsite at 
High Flux Isotope Reactor, Oak Ridge 
National Laboratory, Summer 2015

~ 60 collaborators
13 institutions
3 national laboratories
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Summary

• New data are needed to address the existing reactor anomalies. 

• PROSPECT Phase I will
– Probe favored region of eV-scale sterile neutrinos at >3σ with 3 years of 

data.
– Measure 235U νe spectrum, address spectral deviation, and provide new 

constraints on reactor antineutrino models complementary to current and 
future LEU measurements.

• PROSPECT R&D 
– Have developed LiLS detectors that can mitigate reactor- and cosmic  

related backgrounds.
– Multiple detectors have been deployed at HFIR in preparation for full-size 

detector. 
– Completed R&D for technical verification and to mitigate technical, cost, 

and schedule risks. 
• Ready to proceed with construction of Phase I. 
• Data taking in 2017 with first physics results in 2018 possible.
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PROSPECT R&D and Technical Activities

prospect.yale.edu
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Recent PROSPECT papers

• The PROSPECT Physics Program: arXiv:1512.02202
• Light Collection and Pulse-Shape Discrimination in Elongated 

Scintillator Cells for the PROSPECT Reactor Antineutrino 
Experiment: . arXiv:1508.06575, JINST 10 P11004

• Background Radiation Measurements at High Power Research 
Reactors: arXiv:1506.03547, Nucl. Instrum. Meth. A806 (2016) 401

• PROSPECT - A Precision Reactor Oscillation and Spectrum 
Experiment at Short Baselines: arXiv:1309.7647
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