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What is CEνNS?
• Predicted by Freedman in 1974 [1]

• Coherent elastic neutrino-nucleus scattering: 
neutral current

• Coherence = nucleons recoil in phase 
à low momentum transfer qR ≤ ~ 1 (q depends on 
target mass) 
• Eν ≤ ~ 50 MeV for medium A nuclei (Cs, Ar)
• Low energy nuclear recoils à challenging to 

detect

• Large cross-section [2]: ∝ N2

• First detection by COHERENT in 2017 [3]
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Detectable natural sources

• Solar neutrinos from pp-chain
• 8B and hep neutrinos: ~106 and 103 cm-2 s-1 

• Maximum Eν~ 20 MeV
• Exp. signal: ~ 700 /t/year (8B, >100 eVnr) in Xe

• Atmospheric neutrinos
• ~ 100 cm-2 s-1 

• Eν < 50 MeV: a source of CEνNS
• Exp. signal: < 10-2 /t/year (>100 eVnr) in Xe

• Supernovae neutrinos
• Remnant of SN explosion: ~ 101 cm-2 s-1 

• Exp. signal: ~ 10-3 /t/year (>100 eVnr) in Xe

• BG for WIMP searches
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Detectable artificial sources
Accelerator

• multiple flavors of neutrinos

• pulsed source à background rejection 

• ! flux: ~ 1015 s-1  

• Eν ∈ [0, 50] MeV (not fully coherent)

• Enr > 1 keVnr

Nuclear reactor

• single flavor: $e

• continuous source: need to understand cycle for BG 
rejection

• ! flux: ~ 1020 GW-1 s-1

• Eν ∈ [0, 12] MeV

• Enr < ~ 1 keVnr
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Applications of CEνNS
• Study of the neutrino flux from nuclear reactor

• Application in monitoring reactor neutrino flux for 
nuclear non-proliferation [9]

• Sterile neutrino search [10]

• Non-Standard Neutrino interactions [11]
• Deviation from SM prediction

• Nuclear form factor measurements [12]

• Weak mixing angle precision measurements [13]

• Supernovae neutrinos search [1][14][15]

• Neutrino magnetic moment searches [16]

• …
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State of the art
COHERENT

7

• Source: Spallation neutron source (SNS) @ Oak 
Ridge NL

• Multiple detector deployment: various 
technologies and targets (4)

• CsI[Na] scintillation detector
• 1st detection of CE!NS in 2017 with 6.7" C.L. [3]
• Uncertainties dominated by quenching factor 

(25%) and ! flux (10%)
• New analysis with more stat + precision 

measurement of QF (3.6%)
• New C.L. of 11.6 " (not published yet: 

communicated by the COHERENT 
collaboration)

• LAr scintillation detector
• Detection with 3.5 " C.L. [17]

[17] Phys. Rev. Lett. 126, 012002 (2021)
[18] https://sites.duke.edu/coherent/detectors/

[18]

K. Scholberg for the COHERENT Coll.



State of the art

COνUS Ge HPGe 17m 300eVee Yes 1st limits [19]
2019-2020 data-taking 

CONNIE Si CCD arrays 30m 40 eVee Yes 1st limits [20] 
Upgrade: 7eVee Eth

Miner Si & Ge Cryogenic 2-10m 100eVnr Yes Commissioning 2022 

NU-CLEUS CaWO4 Cryogenic 72-100m 20eV No Physics run by 2022

Ricochet Zn & Ge Semi-conductor 8m 50eV No Physics run by 2023
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Sources Target Technology Distance Eth QF Status

Reactor

COHERENT Ge
LAr
NaI

HPGe
Scintillation
Scintillation

~ 20m 1 keVnr

20 keVnr

13 keVnr

Yes
Yes

Commissioning 2021
Upgrade: 750 kg in 2022

Commissioning 2021

CCM LAr Scintillation ~ 20m 20 keVnr Yes Physics run 2021-2022

Accelerator

[19] Phys. Rev. Lett. 126, 041804 (2021)
Solar

[20] Phys. Rev. D 100, 092005 (2019)XENON1T LXe TPC 0.5 keVnr Yes 1st limits [21]
[21] E. Aprile et al. (XENON Collaboration) 
Phys. Rev. Lett. 126, 091301
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K. Scholberg COHERENT Coll.

and many other experiments!



NEWS-G

• Groups scientists from 10 different 
institutions.

• Main goal: search for low-mass dark matter 
(WIMPs)
• direct detection: nuclear recoils

• Other applications: 
• Coherent elastic neutrino-nucleus scattering 

detection
• Axions
• Neutrinoless double beta decay

• Detector technology: spherical 
proportional counters
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Spherical proportional counters

• Spherical metallic vessel filled with gas 
target + HV on central anode.

• SPC diameter: flexible

• SPC shell: stainless steel, copper, 
aluminum

• Gas: Neon, Argon, Helium, CH4

• Large gain

• Low energy threshold, independent of 
the SPC size: single electron

• Discrimination surface/volume events

gas

anode

Queen’s University lab
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SPC: principle

! ~ 1/r2

", #

e-

ions

100

106

! [V/m]

Signal

1. Primary ionization
Mean energy necessary to generate 1 e-/ion 
pair

2. Drift of primary e- (pe) towards sensor
Typical drift times: ~ 100 $s for 30cm ∅

3. Avalanche in the vicinity of the anode 
Generation of thousands of secondary e-/ion 
pairs

4. Signal formation
Current induced by ions à sphere surface

5. Signal readout
Induced current integrated by a preamplifier 
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NEWS-G and DM searches
• 1st DM data at the LSM 

• 60 cm ∅ copper sphere (SEDINE)
• Filled with 3.1 bar of neon (+0.7% CH4)
• Shielding: 30 cm PE, 15 cm Pb, 8 cm Cu
• 9.6 kg days of exposure 
• Set leading low mass WIMP limit in the sub-GeV mass 

region (2018) [22]

• Next phase: NEWS-G at SNOLAB
• New detector: 140 cm ∅ low activity copper sphere 

(C10100) + electroplating of inner surface with 500 "m 
of pure copper [23] + new sensor

• New shielding: with layer of archeological lead

[22] Q. Arnaud et al. (NEWS-G), Astropart. Phys. 97, 54 (2018)
[23] P. Knights et al.: arXiv:2008.03153

NEWS-G @ SNOLAB

See G. Savvidis’ poster
2021-06-09
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See C. Garrah’s talk
2021-06-10



NEWS-G and DM searches: SNOLAB

• Commissioning of the detector at the LSM in 
Summer 2019:
• physics run with pure CH4 gas mixture
• analysis on-going: results to be published soon.

• Installation of the detector at SNOLAB in 2020.

• First physics run at SNOLAB Summer 2021!

• Other talks:
NEWS-G @ SNOLAB

See A. Brossard’s talk
2021-06-07
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See J-M. Coquillat’s poster
2021-06-09

See Y. Deng’s talk
2021-06-10

See P. O’Brien’s talk
2021-06-10

See F. Andres Vazquez de Sola’s talk
2021-06-07



CE!NS & NEWS-G
• Interested in detecting CEνNS at nuclear reactor

• High neutrino flux

• Reactor neutrinos up to ~12 MeV à Enr <~1keVnr

• When we include the QF the detectable nuclear recoil energies are quenched.

• Need low energy threshold
• SPCs are sensitive to single electron response

• Can try different targets with the same detector

• Status: study of the feasibility of detecting CE!NS at a nuclear reactor using a 
SPC on-going.
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Background

• NEWS-G is mainly a dark matter experiment 
à underground

• Need to understand surface background: 1st

step NEWS-G3 shield @Queen’s
• cosmogenic activation + cosmic muon
• compact shielding: Cu, Pb, PE
• muon veto
• commissioning planned for 2021 using a 60 cm ∅

SPC

• Other background:
• from material purity: study on going (Geant4 

simulation)
• from reactor: gamma and neutron

15

J.P. Molz, G. Giroux

NEWS-G3 shield 



Expected CEνNS signal

• Event rate: differential rate as a function of 
Enr

• The neutrino flux: Huber-Mueller-
Baldoncini’s flux [5],[6],[7]

• We consider 1GW thermal power

• The detector is 10m from the source

• We consider 1kg of target material

16

Pressure (bar)

Temperature Xenon Argon Neon Helium

273 K 1.5 5 9.9 50
293 K 1.6 5.3 10.6 53

Table 7.3: Table summarizing of the di↵erent pressures depending on the gas mixture in a 60 cm
diameter SPC.

7.4 Di↵erential event rate

7.4.1 dR/dEnr

To calculate the neutrino event rate from CE⌫NS, one must first obtain the di↵erential event
rate as a function of the nuclear recoil energy:

dR

dE

nr

= N
Z

E

min

⌫

d�

dE

⌫

⇥ d�(E
⌫

, E

nr

)

dE

nr

dE

⌫

, (7.6)

where d�/dE

⌫

is the neutrino flux and N is the number of target nuclei per unit mass (kg). In the
case of CE⌫NS the target mass nucleus m

N

is greater than the neutrino energy, m
n

� E

⌫

, thus
the miminum neutrino energy necessary to generate a nuclear recoil is:

E

min

⌫

=

r
m

N

E

nr

2
(7.7)

d�(E
⌫

, E

nr

)/dE
nr

is the CE⌫NS di↵erential cross-section as a function of the nuclear recoil energy is
the same as equation 2.2. The di↵erential event rates reported are expressed in cm2/day/kg/GW/keV.
Table 7.3 provides the di↵erent pressures depending on the target, for a 60 cm diameter SPC and 1
kg of target material exposed. From this table, we can see that the pressures needed to be achieved
for xenon, argon and neon are feasible. In the other hand, the pressure for detecting CE⌫NS in
helium might be challenging considering the high pressure required: 95K at 273 keV.

Using Equation 7.6 the di↵erential event rate was calculated for 4 di↵erent target nuclei: xenon,
argon, neon and helium. The targets which seem to be the most advantageous are xenon, argon
and neon. By applying an arbitrary energy detection threshold of 50 eV

nr

we expect the event rates
listed in Table 7.4. We also present the rates for the two load factors mentioned previously. The
impact of the load factor is non-negligible for the heaviest isotopes, with a di↵erence in rate of
12.7% in xenon.

7.4.2 dR/dEee

Including the quenching factor and the energy response of the detector allows to estimate the
expected signal of CE⌫NS in our target materials.

For the quenching factor we used Lindhard theory, which was introduced in Section 4.1, as:

f

n

=
kg(")

1 + kg(")
, (7.8)

100

[24] J. Lindhard, V. Nielsen, M. Scharff and P.V. Thomsen, Mat. Fys. 
Medd. Dan. Vid. Selsk. 33 10 (1963) 

Figure 5: Neutrino flux from Baldoncini’s model, 10m from the source.

material exposed. From this table, we can see that the pressures needed to be achieved for
xenon, argon and neon are feasible. In the other hand, the pressure for detecting CE⌫NS in
helium might be challenging considering the high pressure required: 95K at 273 keV.

5.1 dR/dEnr

Using Equation 9 the di↵erential event rate was calculated for 4 di↵erent target nuclei:
xenon, argon, neon and helium. The targets which seem to be the most advantageous are
xenon, argon and neon. By applying an energy detection threshold of 50 eVee we expect the
event rates listed in Table 4.

Pressure (bar)

Temperature Xenon Argon Neon Helium

273 K 1.5 5 9.9 50
293 K 1.6 5.3 10.6 53

Table 3: Table summarizing of the di↵erent pressures depending on the gas mixture in a
60 cm diameter SPC.

9

• Expected signal in detector:
• Response of the detector: primary and 

secondary ionization statistical fluctuations.
• Quenching factor: Lindhard model [24]

• 4 candidates: xenon, argon, neon and 
helium

• Considering a 60 cm ∅ SPC:



Expected CEνNS signal
• Considering Eth = 50 eVee

• Pressurized Water Reactors and 
Pressurized Heavy Water Reactors

• The knowledge of the QF is of the most 
importance in CE"NS experiments.
• 1st measurement of QF of neon gas (will be 

published soon) @TUNL
17

Event rate: 
/kg/day/GW 

PWR PHWR 
(CANDU)

Xenon 13 17

Argon 16 20

Neon 11 13

Helium 4 4



Conclusion
• First detections of CE!NS by the COHERENT 

experiment with CsI and LAr detectors.
• International efforts to detect and use CE!NS as 

a tool for rich physics program.
• Collaborative CE!NS community: Magnificent 

CE!NS workshop every year
• Benefit greatly from the work done in the dark 

matter field
• Constrains set on CE!NS by 2 reactor experiments 

CONNIE and CO!US 
• 1st constrain on solar !: XENON1T

• NEWS-G and CE!NS 
• Study of the feasibility of an experiment using a SPC 

at a nuclear reactor is on-going.
• Argon is the best candidate for a CE!NS 

experiment.
• CANDU reactors provide a higher event rate than 

PWR reactors.
• Study of surface background: NEWS-G3 experiment 

commissioning planned for 2021. 
18
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[19], [20], [21]



Thank you
Questions?
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Preliminary calculation

• From the cross sections comparison: 
• He: difficult

• Maximum nuclear recoil energy:

• Considering a E! = 6 MeV
• Xe: Enr,max = 0.5 keVnr à difficult
• Ar: Enr,max = 2 keVnr

• Ne: Enr, max = 3 keVnr

• He: Enr,max = 15 keVnr

• Need to include QF

(a) Antineutrinos spectrum at

10m from nuclear core.

(b) Maximum nuclear recoil en-

ergy for

40

Ar.

Figure 9: Antineutrinos spectrum using Baldoncini’s model and maximum nuclear

recoil energy. [19]

0 and 13 MeV. Of course, the energy detected in the SPC will be much lower, since only a
recoiling nucleus is observed, and the energy of that recoil is quenched. For the rest of our
study we’ll use the distance of 10m between the core and the detector.

The maximum nuclear recoil energy for a nucleus of mass M when recoiling from a
neutrino with energy E⌫ is given by:

E
max

=
2E2

⌫

M
. (9)

Figure 9b shows the maximum nuclear recoil energy as a function of neutrino energy for
an argon gas target. For a 10 MeV neutrino, the corresponding maximum recoil energy is
roughly 5 keV

nr

. The low energy threshold of SPC detectors should allow neutrinos with
energies as low as 2MeV to be detected.

4.2.2 First estimation of neutrino event rate

The di↵erential event rate as a function of the nuclear recoil energy is given by the following
equation:

dR

dE
r

= N
Z

E

min
⌫

d�
⌫

(E
⌫

)

dE
⌫

d�(E
r

, E
⌫

)

dE
r

dE
⌫

(10)

with d�
⌫

(E
⌫

)/dE
⌫

the neutrino flux at 10m from the core, N is the number of target nuclei
per kg and d�(E

r

, E
⌫

)/dE
r

is the di↵erential cross section for coherent neutrino nucleus
scattering, see equation 1. I will investigate di↵erent gases as the target (argon, xenon or

16
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Event rates for natural sources
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Considering arbitrary energy threshold of 100 eVnr.

Figure 2.4: pp - chain with in turquoise and purple the hep and 8B reactions [11].

CE⌫NS /t/year Xe Ar Ne He
8B 713 220.5 90.5 18.7
hep 2 0.63 0.25 5.1e-2

Atm. ⌫
µ

, ⌫̄
µ

2.e-2 6e-3 1.6e-3 7.9e-5
Atm. ⌫

e

, ⌫̄
e

1.e-3 4e-3 8.2e-4 4.1e-5
dsbn T

⌫

e

2.3e-3 8e-4 3.6e-4 7.4e-5
dsbn T

⌫̄

e

5e-3 1.5e-3 6.1e-4 1.1e-4
dsbn T

⌫

x

7.6e-3 2.36 e-3 9.3 e-4 1.3e-4

Table 2.1: Event rates above arbitrary energy threshold = 100 eV
nr

.

2.3.2 Human made sources of neutrinos

Neutrino beams

The production of neutrinos using a beam is done using a common method. A beam of protons
is aimed at a target, generally made of graphite or mercury, producing pions and kaons. Then,
these particles decay over several hundred of meters mainly into muons and muon neutrinos [21]:

⇡

+ ! µ

+ + ⌫

µ

. (2.9)

Finally, the µ

+ in turn decay in:
µ

+ ! e

+ + ⌫

e

+ ⌫̄

µ

(2.10)

These sources generate a wide range of energy between 0 and about 50MeV, thus, producing recoils
above 1 keV

nr

. An advantage of such a source is the beam timing for background rejection, more
details are provided in Table 2.2.
Neutrino beams are used for varieties of searches: the NuMI (Neutrino at the Main Injector)

11



Neutrino energy spectra comparison
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water. Thermal reactors are the most common class of nuclear reactor.

– Fast neutrons reactors: it is chosen to keep fast neutrons to generate more fissions. The cross
section of fast neutrons with 235U is low (in comparison to thermal neutrons), thus, one need
to keep the flux of neutrons constant in order to maximize the interactions with the fuel as
well as having a compact core. Because of the lower cross section with uranium it is necessary
to have a higher enrichment of the fuel, which is of the order of 20%. The high neutron flux
allows to create more fissile isotopes from the fertile ones: this is called fuel regeneration. The
coolant needs to use heavy atoms in order to avoid any moderation of the neutrons, thus,
molten metals (sodium, lead) or gases (helium, CO

2

) are chosen. Fast neutron reactors are
for the most part research reactors.

In this work, we will consider thermal reactors as they represent the majority of the reactors in
the world.
In Canada, the choice was done to use heavy water as a moderator and a coolant, they are called
CANDU reactors (Canada Deuterium Uranium) and are part of the Pressurized Heavy Water
Reactors (PHWRs). CANDU reactors were developed after the Second World War, and the access
to enrichment facilities was di�cult (expensive to build and operate). Thus, the choice was made
to use heavy water as moderator to reduce the absorption of the neutrons by the moderator (like
in light water). Heavy water is also more e�cient at slowing down neutrons, thus it makes it more
likely for a neutron to induce a fission. Hence, CANDU reactors don’t need to be enriched and can
use natural uranium.

7.2 Reactor neutrinos

As mentioned previously, the ⌫̄

e

produced by a nuclear reactor aren’t directly a result of the
fission reaction, but produced by the radioactive decay of the fission fragments. In general the
fission fragments have di↵erent masses and can cover a wide range of isotopes, thus the radioactive
decay period and energy can vary quite significantly. As a result the estimation of the reactor
antineutrino flux is a complex task.

There’re 4 main isotopes that contributes to the neutrinos flux in a reactor: 235U, 238U, 239Pu
and 241Pu. By approximation the number of neutrinos emitted is proportional to the thermal power
of the reactor. For example, a 1GW reactor generates about 2 ⇥ 1020 ⌫̄

e

/s. Table 7.2 summarizes
the impact of the di↵erent isotopes on the neutrinos and energy released.

7.3 Anti-neutrino reactor spectrum

In order to estimate the reactor antineutrinos flux, models were developed combined with data
using inverse beta decay as detection channel. Few models are listed: Vogel and Engel’s [31],
which is the “classic model” used for neutrino reactor, Kopeikei’s [32], Mueller’s [30], Huber’s [34],
etc.. It was decided to use the work proposed by M. Baldoncini [29], which uses the neutrino flux
parametrization from Huber-Mueller [30]. The neutrino flux is as follow:

S(E
⌫̄

) = P

th

LF

4X

i=1

p

i

Q

i

�(E
⌫̄

) (7.3)
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235U 238U 239Pu 241Pu

Q
i

, E (MeV)/fission 202.36 ± 0.26 205.99 ± 0.52 211.12± 0.34 214.26 ± 0.33
Ē

⌫̄

e

(MeV) 1.46 1.56 1.32 1.44
⌫̄

e

/ fission 5.58 6.69 5.09 5.89
p
i

PWR 0.560 0.080 0.300 0.060
p
i

PHWR 0.543 0.411 0.022 0.024

Table 7.1: Table summarizing the impact of each isotope to the antineutrino flux: average energy
released by fission [26], average neutrino energy, number of neutrinos released by fission [27] and
the fraction of total thermal power produced by the isotope [28].

Isotope a
1

a
2

a
3

a
4

a
5

a
6

235U 3.217 -3.111 1.395 -0.369 4.445.10�2 -2.053.10�3

238U 4.833.10�1 1.927.10�1 -1.283.10�1 -6.762.10�3 2.233.10�3 -1.536.10�4

239Pu 6.413 -7.432 3.535 -0.882 1.025.10�1 -4.55.10�3

241Pu 3.251 -3.204 1.428 -3.675.10�1 4.254.10�2 -1.896.10�3

Table 7.2: Table summarizing the coe�cients of the polynomial of order 5 used in equation 7.4.

with P

th

the thermal power, considered to be 1GW here, varies depending on the nuclear power
plant, Q

i

the average energy released per fission for the 4 main isotopes, see Table 7.2, p
i

is the
power fraction for the i

th isotope and :

�(E
⌫̄

) = exp

⇣ 6X

p=1

a

i

p

E

p�1

⌫̄

⌘
(7.4)

and LF the load factor, or capacity factor, that is the percentage of the e↵ective working condition
of a nuclear core. LF is the ratio:

LF = 100
E

real

E

ideal

(7.5)

E

real

is the net electrical energy output over a given period of time and E

ideal

is the maximum
net electrical energy output possible over the same period. Load factor data are provided by the
IAEA [35]. For these calculations, the load factor is generally considered to be 100%.

The neutrino spectrum, 10m from the core, is shown Figure 7.3, and Figure 7.4 shows a com-
parison of neutrino spectra using the two load factors mentioned previously. The impact of the
load factor on the overall spectrum is quite small, but the tendency is that the spectrum with the
larger load factor produces a higher neutrino flux. Typically, at 4MeV the spectrum with a load
factor of 97.2% is 1.15 times higher than the other spectrum with a load factor of 84.6%.
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with P

th

the thermal power, considered to be 1GW here, varies depending on the nuclear power
plant, Q

i

the average energy released per fission for the 4 main isotopes, see Table 7.2, p
i

is the
power fraction for the i

th isotope and :

�(E
⌫̄

) = exp

⇣ 6X

p=1

a

i

p

E

p�1

⌫̄

⌘
(7.4)

and LF the load factor, or capacity factor, that is the percentage of the e↵ective working condition
of a nuclear core. LF is the ratio:

LF = 100
E

real

E

ideal

(7.5)

E

real

is the net electrical energy output over a given period of time and E

ideal

is the maximum
net electrical energy output possible over the same period. Load factor data are provided by the
IAEA [35]. For these calculations, the load factor is generally considered to be 100%.

The neutrino spectrum, 10m from the core, is shown Figure 7.3, and Figure 7.4 shows a com-
parison of neutrino spectra using the two load factors mentioned previously. The impact of the
load factor on the overall spectrum is quite small, but the tendency is that the spectrum with the
larger load factor produces a higher neutrino flux. Typically, at 4MeV the spectrum with a load
factor of 97.2% is 1.15 times higher than the other spectrum with a load factor of 84.6%.
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Expected background from material 
radioactivity

Cu SPC dru γ < 1 keV / 
[Bq/kg]

Co60 4.48e2

Co57 7.35e2

Co58 4.53e2

Co56 8.16e2

Mn54 2.96e2

Pb 210 chain 4.1e1

U238 chain 1.08e3

Th232 chain 1.35e3

24

Cu shield dru γ < 1 keV / 
[Bq/kg]

U238 8.29e3

Th232 3.32e3

Bi210 1.18e1

Co60 2.41e3

Co57 94.4

Co58 1.65e3

Co56 3.16e3

Mn54 3.16e3

Pb shield dru γ < 1 keV / 
[Bq/kg]

U238 1.05e1

Th232 7.9e1

Bi210 e-3

Preliminary estimations



QF measurement @TUNL

Neutron 

Enr

!
Scattered neutron

Ne

SPC
15cm ∅

Backing 
detector

p

BPM

target: Li

25

Run E

nr

[keV

nr

] �

Enr [keV

nr

] ✓ [

o

] �

✓

[

o

] Distance (cm) Exposure [h]

8 6.8 1.15 29.02 ± 0.4 2.45 44.6 ± 0.4 4h

7 2.93 0.46 18.84 ± 0.1 1.47 77.9 ± 0.2 7h14

14 2.02 0.29 15.63 ± 0.3 1.12 103.4 ± 1.6 36h21

9 1.7 0.26 14.33 ± 0.06 1.1 106.8 ± 0.1 16h

10 1.3 0.2 12.48 ± 0.05 0.94 124.7 ± 0.1 23h

14 1.03 0.2 11.13 ± 0.3 1.1 103.7 ± 1.5 36h21

11 0.74 0.11 9.4 ± 0.03 0.69 169.3 ± 0.08 33h22

14 0.34 0.11 6.33 ± 0.26 1.1 104.4 ± 0.5 36h21

Table 1: Table with the chosen nuclear recoil energies, their corresponding scattering angles (from

measurements taken on cite), the distance from the SPC to the BDs and time exposures.

Run E

nr

[keV

nr

] ✓ [

o

]

8 6.8 29.02

7 2.93 18.84

14 2.02 15.63

9 1.7 14.33

10 1.3 12.48

14 1.03 11.13

11 0.74 9.4

14 0.34 6.33

Table 2: Table with the chosen nuclear recoil energies, their corresponding scattering angles (from

measurements taken on cite), the distance from the SPC to the BDs and time exposures.

Page 6

Eee

Method
• From kinematics: can calculate Enr as a 

function of the scattering angle (!#) and the 
neutron energy (En).

• !# provided by backing detectors (BDs) 
configuration

• Calculate: QF(Enr) = Eee/Enr

Experiment
• 15 cm SPC
• Gas: Neon + CH4 (97:3) @ 2 bar
• Pulsed beam: En = 545 ± 20 keV
• 8 energy points: 0.34 to 6.8 keVnr (see table)

• DAQ triggered on BDs
• Beam Pick-off Monitor (BPM): TOF neutrons
• Energy calibration: 55Fe source


