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Backgrounds by Cosmogenic activation  of 
materials in Darkside20k with GEANT4

• Geant4.10.6 simulation of 10 years flux of muons and secondary's in Hall  C  (the flux was taken 
from Fluka simulation for DS-50), crossing the DS-20k.

• 33 beta-n decay isotopes are produced be cosmic muons and secondary's in DarkSide20k 
materials, according to GEANT4.10.6:

38P, 37Si, 36Si, 36A,l 35Al, 34Al, 33Al, 32Al, 31Al, 32Mg, 31Mg, 30Mg, 28Na, 27Na, 27Ne, 
26Ne, 24F, 23F, 22F, 23O, 22O, 19N, 18N, 17N, 17C, 16C, 15B, 14B, 13B, 12Be, 11Li, 9Li, 8He.

• NEUTRON YIELDS from cosmogenic activation for DS-20k  construction DS-20kA materials 
(Acrylic, Gd-loaded Acrylic)  are much less,  than NEUTRON YIELDS from alpha-n reaction s 
and spontaneous fissions in materials, except for argon.

• NEUTRON YIELDS from cosmogenic activation in Argon  are rather high (2.3  beta-neutron 
decay/year/50 ton)  and should be cutted by MUON VETO.



Produced beta-n isotopes in 50 tonn AAr target (10 years) 
isotope Number of 

isotopes
( β- , n) 
probability 

( β-,2n) ( β-,3n) Number of 
neutrons

T1⁄2 
(ms)

Rejection by VETO in TPC 
(10s after mu)

P38 11.1 12.50% 1.388 640 2.75E-05

Si37 0.6 17.00% 0.099 90 3.60E-35

Si36 3.5 12.50% 0.438 450 8.99E-08

Al36 0.6 30.00% 0.175 90 6.36E-35

Al35 0.6 38.00% 0.222 37.2 2.76E-82

Al34 0.0 26.00% 0.000 56.3 0.00E+00

Al33 1.2 8.50% 0.099 41.7 6.65E-74

Al32 7.6 0.70% 0.053 33 3.34E-93

Al31 39.7 1.60% 0.636 644 1.35E-05

Mg32 0.6 5.50% 0.032 86 3.24E-37

Mg31 2.3 6.20% 0.145 326 8.49E-11

Mg30 1.8 0.06% 0.001 313 2.55E-13

Na28 1.2 0.58% 0.007 30.5 1.42E-101

Na27 5.8 0.13% 0.008 301 7.62E-13

Ne27 0.6 2.00% 0.012 31.5 3.33E-98

Ne26 0.6 0.13% 0.001 197 4.01E-19



isotope Number of 
isotopes

( β- , n) probability ( β-,2n) ( β-,3n) Number of 
neutrons

T1⁄2 
(ms)

Rejection by VETO in 
TPC (10s after mu)

F24 1.75 5.90% 0.103 384 1.50E-09

F23 4.68 14.00% 0.655 2230 2.93E-02

F22 12.27 11.00% 1.350 4230 2.62E-01

O23 0.00 7.00% 0.000 97 0.00E+00

O22 1.17 22.00% 0.257 2250 1.18E-02

N19 0.00 41.80% 0.000 336 0.00E+00

N18 1.17 7.00% 0.082 619.2 1.13E-06

N17 5.84 95.00% 5.552 4173 1.05E+00

C17 0.58 28.40% 0.166 193 4.23E-17

C16 0.00 97.90% 0.000 747 0.00E+00

B15 0.58 93.60% 0.40% 0.552 9.93 4.51E-304

B14 2.34 6.04% 0.141 12.5 2.38E-242

B13 4.09 0.28% 0.011 17.33 2.46E-176

Be12 1.75 0.50% 0.009 21.5 9.09E-143

Li11 2.34 86.30% 4.10% 1.90% 2.342 8.75 0.00E+00

Li9 15.19 50.80% 7.719 178.3 1.02E-16

He8 4.68 16.10% 0.753 119.1 4.04E-26

Sum 136 23.0 1.36



  

decay scheme 8He

Generators for beta-n isotopes for  G4DS
8He, 9Li, 17N, 22O, 22F, 23F  

(absent in standart GEANT4 release)   



  

Generator decay 8He



  

decay scheme 9Li



  

Generator decay 9Li



  

decay scheme 17N
Beta spectrums

Intensity 0.0735  
1/2- to 1/2-

Intensity 0.499
1/2- to 3/2- 

Intensity 0.0057
1/2- to 3/2+ 

Intensity 0.375
1/2- to 3/2- 
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Neutrons energy:
Level 5.939 — 1700 keV
Level 5.379 — 1170 keV
Level 5.085 — 884 keV
Level 4.554 — 383 keV



  

Generator decay 17N



  

decay scheme 22O

neutron energy — 570 keV

https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html



  

Generator decay 22O



  

decay scheme 22F

neutron energy — 454 keV



  

Generator decay 22F



  

decay scheme 23F

neutron energy — 2980 keV



  

Generator decay 23F



  

Next steps
● g4ds background simulation with new generators for 6 beta-n isotopes 

8He, 9Li, 17N, 22O, 22F, 23F  
● Upgrade of g4ds to last GEANT4 version and investigation for 

possibility to make the long VETO (~50s)  for high-energy events 
(Eveto+ETPC > 100 MeV) in argon. The dead time of the DS should be 
zero.
Two new young researches from Russia want to participate in GEANT4 cosmogenic 
background simulations starting from now: 

Taya Smirnova – Kurchatov Institute

Vitaly Dronik – Belgorod State University 
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