
• Different sources allow a good 

coverage of energy range. 

• Gamma sources to calibrate  

for light quenching. 

• Gamma-neutron emitter to 

calibrate coincidence signals 

Source Energy [MeV]

68Ge 0.511 x 2

24Na 1.30 + 2.70

65Zn 1.12

137Cs 0.667

54Mn 0.835

124Sb 0.6 + 1.69

60Co 1.17 + 1.33

252Cf (0-10) + 3.757n

AmBe 4.44 + n
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STEREO detector
in a nutshell
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IBD selection cut efficiency 

Impact of the IBD selection cuts on 

the n-captures 

Studied using an AmBe source, analysed in a 
coincidence 

241Am ➞ 237Np + α + γ  (half life 432.7 yrs)  

                                   ⇓ 

                        9Be + α ➞ 13C* 

                                               ⇓ 

                                            13C* ➞ 12C +  n  +  γ 

▲ Neutron capture spectra observed from a coincidence 

selection on AmBe data obtained.

▲ Examples of light cross-talks evolution during phase I (left) and phase II (right). [1]

γ from source

Leaked light

Collected light

 ▼ Sketch representing 

the light cross-talks.

• Despite the reflective plates between 

cells, light cross-talk from cell i to cell j 

can happen:  

• Characterization and monitoring of 

light leaks is crucial to understand the 

detector's response. 

• Light leaks controlled daily with cosmic 

muon events in neutrino runs.

Neutrino Target (TG)

• divided in six optically 

separated cells  

• filled with Gd-Beta-diketonate 

liquid scintillator (LS) [2]

Gamma Catcher (GC)

• outer crown surrounding the 

TG, composed by two short 

and two long cells. 

• filled with Gd-free LS.

Acrylic buffer

• 48 PMTs 

• mineral oil 

(optical 

coupling)

Detector 

response 

studied with 

radioactive 

sources and a 

LED system 

• Attenuation length. 

• Refractive indices. 

• WLS reemission probability. 

• Absolute light yield . 

▲ Normalized homogeneity of the 

IBD cut efficiency.

✏Data

✏MC

6= 1 !
✏Data

✏MC

= cn−capture · cIBD cuts

cε =

εData

εMC

cIBD cuts = 0.981± 0.009 (stat+syst)
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 Prompt Event, positron annihilation

Evis,e+ ' Eν̄e
− 0.8 MeV

Delayed Event,  

neutron capture

• Gd nuclei

• H nuclei

X

i

Eγ,i ∼ 8 MeV

Eγ = 2.2 MeV

▲ Deviation of the large peak position at 

different deployment heights relative to 

the charge peak at z=45cm, for TG cell 5.

o
ri
g

in
a
l 
p

ic
tu

re
 f

ro
m

 w
w

w
.s

y
m

m
e
tr

y
m

a
g

a
z
in

e
.o

rg

p
ic

tu
re

 f
ro

m
 w

w
w

.s
y
m

m
e
tr

y
m

a
g

a
z
in

e
.o

rg

tell me more 
about it

Calibration Techniques 

▲ Time stability of the calibration 

coefficients of the different cells in the 

detector.  

• Calibration tubes placed along the TG cells, where 

radioactive sources can be deployed at different heights. 

• Frequent calibration runs (on a weekly basis) to monitor 

response during the experiment’s operation time. 

▲ Comparison between data (black) 

and MC (red) charge spectra of a 54Mn 

source.  

Mono-energetic γ-ray from 

54Mn source has also been 

used for the energy scale 

calibration coefficients 

estimation

mean total charge of cell i for 

FED events in cell i 

expected mean deposited energy 

in cell i from MC simulations

Internal Calibration

• Pantograph system with 

moving trolley around the 

detector.  

• All the GC segments are 

covered and can be 

calibrated at different 

positions. 

▲ Response of the two long GC subvolumes to different 

positions of the calibration trolley. Source used is 54Mn. 
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External Calibration

Energy non-linearities

▲Quenching effect in the target’s LS using 

different gamma ray sources. Data and MC 

points normalized to the 54Mn anchor point.

• Birk’s law describes a LS’s 

quenching curve, parametrized 

by the Birk's constant kB

dL

dx
(E) = Sef ·

dE

dx
(E)

1 + kB ·

dE

dx
(E)

scintillation
energy loss

▲Data to MC peak ratio for different 

gamma ray sources using MC simulations 

with a different kB value. 

• All calibration sources are well-reproduced in MC simulations. 

• Sets of simulations with different kBs were produced and 

compared to calibration data. 

• A χ2 best fit estimation provided an optimal value of:  

kB = 0.096± 0.007 mm/MeV

• A broad selection of 

calibration sources allowed 

the determination of kB.

• kB describes energy non-

linearities.

it looks like non-linearities have been…quenched

YEAAAAH

Energy Reconstruction

The collected charge in each cell i is translated into 

deposited energy as follows [3]: 

  

Qi =

X

j=cells

E
dep
j · Cj · Lji =

X

j=cells

E
dep
j ·Mji

calibration coeff. 

light cross-talk

Light Collection and MC tuning

• Light cross-talk between cells in MC are tuned to match 

inhomogeneous cross-talk observed in data at percent level.

• Admixture of LAB+PXE+DIN 

• WLS: PPO and bis-MSB 

• H-fraction of 11.45% 

• Gd-concentration of 0.2 wt. % 

• Attenuation length of ~ 7m

Detector response and spatial 

inhomogeneities are 

understood by tuning the MC:

NEνTRINO 

NEνTRINO 
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Reactor       interact 

in the detector via  

Inverse Beta Decay IBD

ν̄e

ν̄e + p → e
+
+ n

Neutrino signal in liquid scintillator 

Ci = QFED
i /Edep,i

εcuts =
IBD n energy and time cuts

Energy range for Gd-captures

Neutron capture efficiency 
Relative comparison of absolute 

n- captures  

▲ Normalized homogeneity of the 

n-capture efficiency.

εn−capture =
NGd

NGd +NH

cn−capture = 0.961± 0.008 (stat+syst)

• What? Reactor neutri
no experiment. 

• Why? Testing th
e hypothesis 

of sterile ne
utrinos.  

• How? Measuring the 
νe flux via in

verse beta decay. 

• Where? At the 
ILL research 

reactor (Grenoble, Fran
ce). 

• When? Started data taking in Nov 20
16, until end

 2019.

I'm a frenchy
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