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Signal vs Background
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•  : ER 

•  : ER

•  : higher energy depositions but 
degraded surface  and (,n) reaction 

•  : materials activation above/under –
ground. Fast neutrons

WIMP Direct detection - backgrounds

Mitigation strategies:

➢ Shielding (active+passive), Fiducial volume, ER 
discrimination techniques, materials 
radiopurity

➢ Surface treatment, Rn daughter (Pb-210         
Po-210) polishing, material radiopurity

➢ Deep UG labs, active Muon Veto

> 1010 times the signal 

Backgrounds:
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WIMP Direct detection: neutrons

➢ neutrons can  produce 
nuclear recoil in the 
WIMP search region of 
interest 

→ Potential irreducible       
background
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• Inverse beta decay in SNO+: The combination of the prompt neutron
signal with the delayed capture can mimic events relevant for the anti-
neutrino analysis.

• 0νββ: Gammas produced by neutron capture can fall in the region Qββ

• Low energy studies in DUNE: Potential source of background for
supernova and solar neutrino studies

Neutrons and neutrino physics



Main processes contributing to neutron production:

❑ Spallation reactions from muons in the detector material and the rock

❑ Spontaneous fission: mainly from 238U, probability of about 5x10-7/chain                           
(Generally dominates for high Z materials)

❑ (α, n) reactions: Generally is dominant source for low Z-materials 

(probability >10-4 / α-decay)

Neutrons production
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• Depends on the alpha energy and on the target

• Wide spectrum in energy

PHYSICAL REVIEW C 92, 014609 (2015)

Astroparticle Physics
22 (2004) 313–322

Watt spectrum

0.52 neutrons/year/g /ppm(238U)
2.4 ± 0.2    n/fission



Neutron yield calculation

SaG4n: Simple and versatile tool provided to 
the community  SaG4n 

(http://win.ciemat.es/SaG4n/)
“Neutron production induced by α-decay with 

Geant4”,  Nucl. Instrum. Methods A 960, 163659 
(2020)

● Exploiting evaluated libraries (JENDL) 

● Detailed geometries (actual geometry and 
border effects)

● Neutron transport, precise tracking 

● Biasing techniques
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• Codes (SOURCES4C, NeuCBOT, SaG4n)

• Libraries (JENDL, TENDL…)

http://win.ciemat.es/SaG4n/


• Missing experimental data (truly evaluated cross-sections)

• Discrepancies between exp. results (differences in the setups or the 
corrections applied)

• Uncertainty on the theoretical models used to evaluate the (α, n) 
reactions

• Missing data for the correlated γ-ray emission
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Very challenging task
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(α,n) white paper 

Multidisciplinar WG on (α,n) neutron yield studies
alphan@ciemat.es

Members of several DM experiments + Neutrino + 
Nuclear + IAEA:

● DarkSide-20k
● XENON
● LZ
● CRESST …

2405.07952
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mailto:alphan@ciemat.es
https://arxiv.org/abs/2405.07952
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Excitation function for 40Ar(α, n) as calculated 
with TALYS 1.96 (line) based on

default settings with the associated 
uncertainty (band) is based on

sampling the input parameter space

Neutron yields calculated for light nuclei by 
applying different codes,

(The numerical values are normalized to 
evaluated data from various alpha-beam 

measurements)



Rejection / Mitigation of the neutron background

• Internal tagging: Multiplicity
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Neutrons

Tagging

Mitigation

Multiplicity (target tagging)

Veto (external tagging) 

Material composition

Radiopurity



Multiplicity

70% of neutrons produce multiple site events (MC) 
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Veto Rejection
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Gd-doped acrylic

• Gadolinium oxide nanoparticles dispersed 
in poly(methyl methacrylate) (PMMA) 
matrix. 

• A few percent of gadolinium (Gd) by weight

• Key advantage: capture cross-section

➢ JINST 19 (2024) 09, P09021 Issues: • Operation in liquid argon at 87 K 

• Full containment of Gd (no dispersion 
into the environment)

• Homogeneous distribution of 
gadolinium /  sufficient concentration 
: neutron tagging  inefficiency < 10-6

• Scalability / cost / radioactivity 



Mitigation: Material selection

• Carbon (13C - 1.06%): liquid scintillators, 
plastics (acrylic, polyethylene, nylon, PTFE), SS 

• Oxygen (17O - 0.03% and 18O - 0.2%): water 
liquid scintillators, plastics and rock

• Nitrogen (14N – 99%): plastics, wavelength 
shifters, fluors used in liquid scintillators

• Aluminum (27Al – 100%): resistors, ceramics

• Fluorine (19F – 100%): component of PTFE 

• Beryllium (9Be – 100%) present in wires

• Titanium & Copper: used in cryostats, 
shielding, support structures,

• Silicon: present in quartz, glass, light sensors
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➢ Values for  1 ppb Th-232 and U-238      
(U-235 with its natural abundance)
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Potential alpha sources:

• U & Th chain decays in the target material + detector’s 
structure

• 210Po from Rn decay plating onto surfaces (accumulation 
over time, long lived 210Pb)

• Rn (freshly introduced or emanated) 

Mitigation: Radiopurity

Strategy:

Extensive material assay campaign



Equilibrium in the U-238 chain

● Very little mass needed
● Relatively fast
● Digestion
● Destructive
● Only U-238 (Th-232)

ICPMS

● Larger mass needed
● Slow
● Non-destructive
● Gamma activity (40K+...)

HPGe

Radiochemical
● Little mass needed
● Relatively fast
● Digestion
● Destructive
● Only Po-210 (Pb-210)
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(a,n)(α,n) on Argon
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(a,n)

(a,n)
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The correlated gamma 
emission is fundamental 
for understanding the 
background in Dark 
Matter 

(,n) might be 
subdominant in most of 
the cases with respect 
to (,n) but is still very 
relevant for many 
experiments



Conclusions
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• Neutron background in rare events search experiments: big 
headache 

• Different codes used for the neutron yield calculation with 
evaluated libraries

• White paper recently published (comparison of the codes, 
uncertainties …etc)

• New data needed: some of them are fundamental for the next 
generation of experiments -> 40Ar(4He,n)43Ca

• Missing (,n) data
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dziękuję



Bonus Slides
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➢ Values for  1 ppb Th-232 and U-238      (U-235 with its natural abundance)
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N-yields N-yields

Neutron-yields 



Radiogenic neutrons from detectors materials

Strategy:

➢ Extensive material assay campaign

➢ (,n) n-yields calculations

➢ MC simulation

• U-238, Th-232, U235… contamination

• Codes (SOURCES4C, NeuCBOT, SaG4n)

• Libraries (JENDL, TENDL…)

• G4, FLUKA…
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Typical elements

➢ Avoid Be and B, F (as much as possible)
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• Resistors → Al, N, B (+Si, Mg…)

• PCB → C, N, O…

• Acrylic → C, O

• Teflon → C, F

• Mechanical parts        → SS, Cu, Ti…

• Sensors           → Si…

• Target → Ar, Xe, Ge….



DarkSide materials DB structure
Online database that centralizes the full assay process

● New material or component? Assay request!

● Sample allocation depending on available mass and needs

● Information on sample/assay status

● Storage and organization of results.
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DarkSide materials Web interface
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Online database that centralizes the full assay process

● New material or component? Assay request!

● Sample allocation depending on available mass and 
needs

● Information on sample/assay status

● Storage and organization of results.
DB: Web-interface
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Background budget spreadsheet 
R.A. budget spreadsheet 

Storing the results of the samples, materials  composition, contribution to the bkg …

(α,n) neutron background γ event rate(VETO+TPC)
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NR-like eventER-like event

Due to an enhancement of the recombination process

Event discrimination technique in Ar
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Mass / tonne (U-238)

54 g U-234 16 g Th-230

0.3 g Ra-226
4.4 mg Pb-210


