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http://darkmatter.ciemat.es/people 

The CIEMAT–DM group 
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General aspects 

 The direct search of WIMPs intrinsically requires a 
constant detector R&D to overcome the current 
experimental limits 
 

 
 The CIEMAT-DM team has a long time experience in noble 

elements detector, and LAr technology in particular 
 
 

 
 
 The R&D is constant in this field, and it goes in parallel 

with physics (no sharp separation between experiment 
activity and R&D)  
 

• Scale-up  
•  Lower threshold 

•  Lower background …. 

• ICARUS  
• WARP-2.3L  WARP-100L 

• XENON10  XENON100 
• ArDM, DEAP-3600, DarkSide-50 

• GADMC  DarkSide-20k  ARGO 
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CIEMAT 

Mill: 411 m in controlled environment 
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• R&D fundamental for CIEMAT 

• Machine shop 
•  Laboratorio Nacional de Referencia de Metrología 

•  Dosimetria…. 



R&D activity @ CIEMAT 

• Radiopurity 

 

• Light emission 

 

• Charge drift 
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Radiopurity 

GADMC: 500 people, about 100 Institutions 
DarkSide-20k 

 URANIA project: Procurement of 
UAr extracted from the CO2 wells in 
Cortez mine, Colorado (330 kg/d, 
99.99% purity)      Plant in 
construction 

 
 ARIA project: Ar chemical 

purification and isotopic separation 
by cryogenic distillation (Sardinia, 
Italy) 
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Radiopurity 

DArT 
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Radiopurity 
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1 cm2 radiopure SiPMs 



Radiopurity 

• Collaboration CIEMAT+Unizar (+Italy+France+Canada)              
           CIEMAT:  2.0 FTE Senior  + 1.5 FTE PhD    + 0.1 Eng  + 1 Tech. 
         (ONLY DETECTOR) 
           Unizar:  0.5 FTE Senior   + 0.5 FTE PhD    + 0.1 Eng  

 
•  Clear Spanish leadership: 

 
 
 
 
 
 
 
 
 

• Coordination of the WG “(a,n) background for rare events searches“ 
 

• Funding scheme of the Spanish groups: P.N.  (+ DArT international funds)  
 

  technical coordination of DArT 
  Responsibility for the whole detector’s    
        radiopurity and background of DS-20k 

 

"Design and Construction of a New Detector to 
Measure Ultra-Low Radioactive-Isotope 

Contamination of Argon" 
 JINST 15 (2020) 02, P02024 
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Radiopurity 
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LEGEND + DUNE +  
GADMC + COHERENT 



Ar-light emission 

ArDis: Proposal funded through 

the EXPLORA project FPA2017-

92505-EXP  

LArDis: ERC starting grant A+A 

Mechanisms leading 

to scintillation mainly 

in the region 180-300 

nm grouped under the 

generic denomination 

of  
“3rd continuum” 
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Ar-light emission 

“This study opens new paths toward a 
novel particle identification technique based 

on the spectral information of the noble-
elements scintillation light” 

Eur.Phys.J.C 81 (2021) 7, 622 
 Similar study in XENON with USC 

CIEMAT:   0.5 FTE Senior    
  0.5 FTE PhD     
  0.1 FTE Eng   
  0.5 FTE Tech. 
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Ar-charge drift 
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Ar-charge drift 
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• 

i
  depends on:  

 
 
 

  

 Amount of ionization (event energy and rate) 
 Total drift length 
 Ion velocity (𝐸𝑑 and mobility) 

 
 

    𝑣𝑖~10 𝑚𝑚/𝑠 to be compared to     𝑣𝑒~2 𝑚/𝑚𝑠  (𝐸𝑑=1 kV/cm) 

 Drift velocity: 

 …up to 12 m ! 

 Drift distance: 

 Underground: 
• “Dominant” contribution from 39Ar (~1 Bq/kg or ~1.4 kBq/m3) 
• Q-value of 565 keV, 1/3 mean energy,  One decay 8e3 pairs,  
• Mean deposited energy 263 MeV/m3/s,  h0 ~ 1.1e7 pairs/m3/s   

 Surface: 

• Dominant contribution from muons (168 muons/m2/s) 

• Minimum ionizing energy:      
𝑑𝐸

𝑑𝑙
≈ 1.5 

𝑀𝑒𝑉 𝑐𝑚2

𝑔
 

• Mean deposited energy  35 GeV/m3/s,  h0  1.5e9 pairs/m3/s  

 “Ion yield”: 
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Space charge 



Electron and ion fluxes as 𝑗
𝑖,𝑒
(𝑙) = 𝑣𝑖,𝑒 𝑙 𝑖,𝑒 𝑙                         𝑣𝑖,𝑒(𝑙) = 

𝑖,𝑒
𝐸𝑑 𝑙  

The recombination rate is given by 𝑟(𝑙) = 𝑗
𝑒
𝑙 𝑖 𝑙 𝑆𝑐𝑠(𝑙)     𝑟(𝑙) = 𝑗

𝑒
𝑙 𝑗
𝑖
𝑙

𝑞


𝑖
𝐸2(𝑙) 

 

We can determine the recombination rate in LAr knowing the currents and the drift field. 
In a stationary state the density variation is null at any l: 
 

h − r l −
𝑑𝑗𝑖(𝑙)

𝑑𝑙
=0                

𝑑𝑗𝑖 𝑙

𝑑𝑙
+ 𝑗

𝑒
𝑙 𝑗
𝑖
𝑙

𝑞


𝑖
𝐸2(𝑙) 

=h 

h − r l +
𝑑𝑗𝑒(𝑙)

𝑑𝑙
=0                

𝑑𝑗𝑒 𝑙

𝑑𝑙
− 𝑗

𝑒
𝑙 𝑗
𝑖
𝑙

𝑞


𝑖
𝐸2(𝑙) 

=-h 

    
At the same time the variation of the drift field is determined by  

the charge density:   
𝑑𝐸𝑑(𝑙)

𝑑𝑙
= 𝑞 ∙ 𝑖 𝑙 − 𝑞 ∙ 𝑒 𝑙   𝑖>> 𝑒        

𝑑𝐸𝑑(𝑙)

𝑑𝑙
=

2𝑞


𝑖

𝑗
𝑖
 

These are three coupled differential equations with three functions (𝑗
𝑒
, 𝑗
𝑖
, 𝐸𝑑) and a variable l 

 
Boundary conditions          

• 𝐸𝑑 0 = 𝐸𝐴 
• 𝑗

𝑒
𝐿  = 0 

• 𝑗
𝑖
0  = 𝐺𝐼 ∙ 𝑗𝑒 0  

 (h constant ionization rate) 

2 

d 

d 

d 
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Ar-charge drift 



𝐸𝑑 𝑙 =
𝑞

𝑖
ℎ𝑙2 + 2𝑗

𝑖
0 𝑙 + 𝐸2 A The field variation is a function of l 

The cathode voltage necessary to obtain a given 
field can be calculated integrating the drift field 

The field is minimum at 0 (𝐸𝑑 𝐿 = 𝐸𝐴) and maximum at the cathode 

The secondary recombination probability is equal to the fraction of the surface S(l) spanned 
the filed lines ending on the anode with respect to the total anode (cathode) area. 

Field variation, cathode voltage and secondary recombination probability can be calculated 
knowing the constant ionization rate, the field at the anode and ion gain 𝐺𝑖 

𝑉 𝑙 =  𝐸𝑑 𝑙 𝑑𝑙
𝐿

0

 

𝑃 𝑙 =
𝑆(𝑙)

𝑆(0)
=
𝐸(0)

𝐸(𝑙)
=

𝐸𝐴
𝑞
𝑖

ℎ𝑙2 + 2𝑗
𝑖
0 𝑙 + 𝐸2

 

A 
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Ar-charge drift 



Ar-charge drift 

Astropart.Phys. 92 (2017) 11-20 
 

• Quantitative evaluation of the charge signal 
quenching as a function of the drift field 
and ionization rate  
 

• Prediction of a constant light emission in 
argon by secondary electron/ion 
recombination 
 

• “To the best of our knowledge, the study 
evidences, for the first time, an intrinsic 
limit for the maximum practical drift 
obtainable with a TPC operated with 
natural argon, even in case of a null 
electronegative impurities concentration.” 
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Ar-charge drift 

ArIon 

• “Impact of the positive ion current on large 
size neutrino detectors and delayed photon 
emission” JINST 13 (2018) 04 
 

• “Experimental Study of the Positive Ion 
Feedback from Gas to Liquid in a Dual-Phase 
Argon Chamber and Measurement of the Ion 
Mobility in Argon Gas”                       Universe 
8 (2022) 2, 134 

 

CIEMAT + IFAE 

  Local funds, expertise fundamental  
 

  CIEMAT:  0.5 FTE Senior    
   0.1 FTE Eng   
   0.2 FTE Tech. 
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Summary 
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•  “Measurement of the Argon Purity by ICP-MS and Results of the Analysis of the Gas Used for 
the MicroBooNE Experiment”, arXiv:2303.00816  

• “Experimental Study of the Positive Ion Feedback from Gas to Liquid in a Dual-Phase Argon 
Chamber and Measurement of the Ion Mobility in Argon Gas”, Universe 8 (2022) 2, 134 

•  “Time and band-resolved scintillation in time projection chambers based on gaseous xenon”, 
Eur.Phys.J.C 82 (2022) 5, 425 

• “Spectroscopic analysis of the gaseous argon scintillation with a wavelength sensitive 
particle detector”, Eur.Phys.J.C 81 (2021) 7, 622 

• “Design and Construction of a New Detector to Measure Ultra-Low Radioactive-Isotope 
Contamination of Argon”, JINST 15 (2020) 02, P02024 

• “Impact of the positive ion current on large size neutrino detectors and delayed photon 
emission”, JINST 13 (2018) 04, C04015 

• “Characterization of a CLYC detector for underground experiments”, Nucl.Instrum.Meth.A 
906 (2018) 150-158 

• “Dynamics of the ions in Liquid Argon Detectors and electron signal quenching”, 
Astropart.Phys. 92 (2017) 11-20 

 

 

 

 

 

 

 

 

 

 



Conclusions 

Roberto Santorelli - 7 Mar 2023 Barcelona                                                                    22 

• R&D vital for dark matter direct searches with LAr-TPCs: constant 
and steady progress in this field 
 

• CIEMAT group more than 20y experience in LAr technology 
 

• Recognized expertise at international level 
 
• Solid scientific production 

 
• Coherent R&D on several fronts 
 

 
•  Funding scheme…? 

 
 



Backup 



General aspects 
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Pump Injector Cathode 

• Megavolts ranges HV sources required by the future detectors, with several 

meters drifts 

• Efficient removal of the positive charge cloud 

• Novel approach: to generate the HV directly inside the detector  

R&D on a novel high voltage system 

Tip 
Anode 
Ground 

Insulating pipe 

I.diameter:  
1 mm Oil out to injector Motor 

Pump 

Oil from tank 

• High voltage 

measured at the 

cathode≈30 KV.  

• Current ≈100nA  

 

Tests already 

carried out with 

dielectric mineral 

oil: 

Il Nuovo Cimento Vol.13 D, N.8 (1991) 
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R&D on a novel high voltage system: setup at CIEMAT(in preparation) 

To be operative in 2017! 



L. Romero, R. Santorelli, B. Montes:” Dynamics of the ions in 

Liquid Argon Detectors and electron signal quenching” 

Astropart.Phys. 92 (2017) 11-20 

https://arxiv.org/pdf/1609.08984v2.pdf 

Study of the dynamics of the ions in LAr 

Ed= 0.5-1 kV/cm 

ve 2 mm/s 

vi 1.610-5 mm/s 
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L=12m, UG L=6m sup 

L=12m, UG, E=1 kV/cm L=12m, UG, E=0.5 kV/cm 
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Ions in LAr: Setup at CIEMAT (in preparation) 

Collaboration with 

To be operative in 2017! 

Goals:  

• Measurement of the ions drift velocity 

• Study of the dynamics of the ions at 

      interface Gar/LAr 

• Study of uniformity of the drift field 

• Electron signal quenching 



TPCs 
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