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THE LIQUID ARGON 
DETECTOR(S)• Argon: the active medium 

• Ionization Charge 

• recombination, drift, e-attachment (el.negative impurities) 

• Scintillation Light 

• propagation (Rayleigh scattering), quenching & absorption (impurities) 

• The LAr TPC  

• the Neutrino detector ``style” 

• LAr TPC at work: Event reconstruction 

• imaging 

• calorimetry 

• Particle Identification 

• A visual analysis session:  

• single particle identification 

• neutrino event topology 

• The new wave … 

!
• The LAr TPC  

• the Dark Matter detector ``style” 



Noble Elements
• The Noble elements are characterized by their inertness, which is a reflection of their completely filled valence 

shells.!

• These are compact atoms that hold on to their electrons tightly.!

• Their almost nonexistent electron affinity indicates that free electrons in a highly purified noble 
liquid environment will be capable of traveling long distances under the influence of an electric-
field.
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NeonHelium

Argon
Krypton

Xenon
Radon

Refs:!
1.) image from periodtable.com

http://periodtable.com


Noble Liquids
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Atomic Number 2 10 18 36 54
Boiling Point [K] @ 1atm 4.2 27.1 87.3 120 165

Density [g/cm 0.125 1.2 1.4 2.4 3
Radiation Length [cm] 755.2 24 14 4.9 2.8

dE/dx [MeV/cm] 0.24 1.4 2.1 3 3.8
Scintillation [γ/MeV] 19,000 30,000 40,000 25,000 42,000
Scintillation λ [nm] 80 78 128 150 175

Cost ($/kg) 52 330 5 330 1200

Refs:!
1.) images from periodtable.com

Neon

Helium

Argon Krypton
Xenon Radon

Very weak interatomic forces 
make it exceedingly difficult to 

liquify the noble elements.

Kind of like making a snowball out of very “powdery” snow.

http://periodtable.com


Most abundant isotope of argon on Earth? Ar40	


Ar40 is primarily produced by decay (electron capture) 	



of potassium in Earth’s crust.





Liquid Argon as	


Active Target	



for Particle Detectors	



Mechanisms of 	


Ionization Charge release and 	



Scintillation Light emission  



Charged particle traversing a volume of (liquid) Argon loose 
energy primarily (but not exclusively) via Ionization (e-,Ar+) AND 

Scintillation Light production.	


!

Charge recombination and de-excitation processes quickly follow 
the passage of the ionizing ptcls.	



This changes the amount of both light and charge available for 
detection.	



!
Solid Argon is characterized by the existence of an electron band 
structure and it is usually assumed that the same band structure 

also exists in the liquid state	


!

Most of what we know is due to the original work of Japanese groups, 
led by Prof. Doke (Waseda U.) since mid ’70. 	



 	





IONIZATION 
LAr valence band negligibly 
small and  conduction band 

with Egap=14.3 eV	


!

Wion = E+ + 𝜖kin + E*(N*/N+)	


!

(Note: the LAr band gap energy 
Egap corresponds to the ionization 
potential I of the gaseous phase)

SCINTILLATION 
Ar* excited atoms and Ar+ 

ions produced by ionizing 
radiation lead to Ar* low 

excited dimer (”self-trapped” 
excitons in Singlet and Triplet 
state) formation through 
collision with Ar atoms.

2

Ar* → 2 Ar + 1 𝛾2



Cathode

Anode

Crossing 	


Particle

Ionization trail 
(“track”) 
drifting to 

Anode

Liquid Argon is used as active target 
in particle detectors operated as	



Ionization Chambers                   
(LAr being the dielectric medium)

Electric Field Lines

-HV

When no EF is applied (EF=0) 	


all N+ ions recombine 	



!
⇒ for a deposited energy Edep = Wion	



(1+N*/N+) photons are emitted, i.e.	


!

Wph = Wion /(1 + N*/N+)
Free el-Yield:  Ye=106/Wion [e-/MeV]	


Photon Yield:  Y𝛾=106/Wph [𝛾/MeV]
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At a given EF value,  	


the fraction R of ion. charge 

surviving Recombination depends 
(non-linearly !) on the ionization 

density (dE/dx). 

Note: different ptcls have same 	


dE/dx at different kin. energy

Ionization Density in LAr

dEdx (MeV/(g/cm**2))
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Light Production
• Prompt light from particles traversing the LArTPC allow determination of 

the t0 of the interaction, as well as complimenting the TPC information 
during reconstruction.!

• LAr is a very bright scintillator, though its predominant wavelength is deep 
in the UV (128nm).

12



[Top] LET dependence of the scintillation yield, [Bottom] EF dependence of the 
free-electron yield and of the scintillation yield for a mip. 	


Shaded bands indicate the nominal EF in LArTPC detectors.

When an electric field (EF) 
is applied to the LAr 

medium the increase of the 
EF strength results in a 

reduction of scintillation light 
balanced by an increase of 

free electron charge. 	


!

The LET value (i.e. dE/dx) 
determines the relative 

amount of charge and light.	


 Note:  Scint. Suppression 
due to escape electrons 

Se.e.=0.78

Se.e.



let’s try a calculation..	


Assumptions: 	


EF=0.5 kV/cm, 	



Crossing ptcl: muon with T𝜇 = 300 MeV 
kin energy (MIP regime) constant dE/dx 
= 2.1 MeV/cm along a track of length 

Δx = 100 cm,	


- Fraction of e- surviving recombination 

at EF:  R=0.7  (at 0.5 kV/cm)	


(R equiv to Q(EF)/Q0)	



- Reduction of photons at EF	


F = 0.6 (at 0.5 kV/cm)	


(F equiv to Sr(EF)/Sr0)Free electrons 	



R·Ye (e/MeV)·Edep(MeV)=	


R·106/Wion ·dE/dx· Δx = 6.2·106 e (=1000 fC) =Qfree

Emitted VUV Photons	


F·Yph(𝛾/MeV)·Se.e.·Edep(MeV)=	



F·106·(1+N*/N+)/Wion·Se.e.·dE/dx· Δx =5.0·106 𝛾VUV  	


 



Charge transport and Light propagation 	



through the LAr (detector) Volume



• Free e-charge under influence of the EF (assumed uniform):	


• “drift” from Cathode to Anode at constant velocity, vD 	



•NB: the drift velocity in LAr is LOW (vD ~1.5 mm/µs at 
nominal EF - 0.5 kV/cm)

Charge Transport from Qfree  to  QDet 

  2.151    /    12
P1 -0.8865E-02
P2  0.5694E-02
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P4  0.5088E-08
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•The charge at the end of its drift	


is eventually collected 	


by the Anode Plane	



… however …



… however:	


• e-charge is progressively reduced during drift time tD due to 	



•“attachment” to el-negative impurities (e.g. O2)diluted in LAr:	


e− + O2 → O−2     ;     rate constant ke ≃ 3.1 ppb−1 ms−1	



⇒      QDet(tD) = Qfree * exp(-tD/𝝉e)	


where 𝝉e is the “electron Lifetime” in LAr with  

P1   1.358
P2 -0.1308E-02
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!

el-negative impurity concentration 
[O2] in ppb: 

 	


𝝉e = 1 / ke [O2]	



since ke is a known, measuring the e-
lifetime means measuring the 

impurity concentration.



LAr Purity
• The electron lifetime is one of the most important detector parameters. !

• In 100% pure LAr, the electron lifetime should be almost infinite.!

• Electronegative impurities, such as Oxygen and Water, will attach to 
electrons before they reach anode planes, reducing the recorded signal.  

18

Refs:!
1.) Drift Velocity of Free Electrons in Liquid Argon, W. Walkowiak, NIM A Vol. 449, July 2000, pp 288-294
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LAr Purity
• Achieve desired purity level by passing argon through filters containing 

molecular sieve (to remove water) and copper (to remove oxygen).!
• Detector components must also be chosen to minimize contamination.!
• Continuous recirculation necessary to reach/maintain ultimate purity 

requirements.

19

Terry Tope 4/28/06

Stockroom 160 liter Liquid Argon Dewar
491.2 lb. or 222.8 kg Argon
4750 ft3 or 134,560 liters warm gas
1 ppm O2 by volume = 0.18 g O2 (observed)
1 ppm O2 by weight = 0.22 g O2
10 ppm H2O by molar fraction = 1.0 g H2O (literature,
maximum)

O2 filter with Engelhard Copper Alumina Catalyst CU-0226S
14 x 20 mesh (0.841 to 1.41 mm diameter beads)
Surface area of 200 m2/gram
1.72 Liter volume, 1393 grams of filter material

Filter O2 capacity for FLARE purity requirements is unknown.
Filter dynamic capacity is flow rate dependent.
1.72 liters of atmospheric air contains 0.478 g O2.

H2O adsorption (warm) may be as high as 25% by weight or 348 grams
H2O (Trigon customer experience)
1.72 liters of atmospheric air with a 5 oC dew point contains 0.01 g H2O.

During regeneration 1.125 g H2O is produced for each gram of O2
removed from filter.
Filtering 2Cu(s) + O2(g) -> 2CuO(s)
Regeneration CuO(s) + H2(g) -> Cu(s) + H2O(g)
Filter contains 10% Cu by weight, or 139.3 grams. If all the Cu could be
reacted, 35.0 g O2 would be removed from the Argon.

Relationship between H2O adsorption and O2 capacity is unknown.

Flow rate thru filter was 48.8 volume changes per hour without molecular
sieve and 34.8 volume changes per hour (1.0 LPM) with molecular sieve
At 1 LPM flow velocity in filter is 1.35 ft/min.

Molecular sieve with Sigma-Aldrich 5A material
8 x 12 mesh (1.68 to 2.38 mm diameter beads)
Surface area of ~570 m2/gram
1.72 Liter volume, 1212 grams of filter material
H2O adsorption (warm) may be as high as 21.7% by
weight or 263 grams H2O

Stockroom
160 liter
Liquid Argon
Dewar

Molecular sieve O2 filter

Test
Cryostat

MVE Test Cryostat
178 liter volume, 546.5 lb or 247.9 kg
Cannot fill beyond 145.5 liters, 446.7 lbs. or 202.6 kg
100 ppt O2 by weight in 145.5 liters is 2.026x10-5 g or
0.0153 cm3 gas.

Evacuated to 2 x 10-6 Torr prior to filling. If remaining
gas was all air, then O2 fraction would be 1.30x10-7 g
or 9.84x10-5 cm3. However, remaining gas is mostly
water vapor.

Cryostat surface area = 19,468 cm2

Ratio of volume to surface area = 109 cm2/Liter

A monolayer of oxygen covering the entire cryostat
surface area would contain 5.17x10-4 g of oxygen
which is an equivalent contamination removal of 2.5
ppb. Icarus claims 1/10 of a monolayer can form.

1 Pass Contamination Parameters

Stockroom 160 liter Liquid Argon Dewar Specs
Airgas spec is
< 20 ppm N2
< 5 ppm O2
< 1 ppm total hydrocarbons
-76 deg. F dew point (10 ppm H2O)
Airgas does NOT evacuate dewars before filling. It is possible for a
user to contaminate the dewar and the contamination to be passed on.

Molecular Sieve Oxygen Filter

LArTPC 
Cryostat

Delivered: 1ppm O2 Goal (e.g. for 10 ms lifetime): 
30 ppt O2 

Refs:!
1.) A Regenerable Filter for Liquid Argon Purification, A. Curioni et al, NIM A Vol. 605, July 2009, pp 306-311!
2.) ICARUS takes flight beneath the Gran Sasso, CERN Courier, July 2011

gas space

Pump

Condenser





• LAr is transparent to its own scintillation 
light (128 nm VUV photon = 9.8 eV, not 
enough energy to re-excite another Ar 
atom) ⇒                                             
VUV photons freely propagate through LAr

Light Propagation

… however…	


!

• undergo “frequent”  elastic interactions  
with Ar atoms (Rayleigh Scattering): 	



ℓ𝓁R ≃ 60 cm (at 𝜆=128 nm)	


!

• Absorption by photo-sensitive molecules 
(impurities, like O2 and H2O) diluted in LAr:       

ℓ𝓁A =  1 / kA [O2]



Charge Collection and Light Collection 	



at/by the Charge- or Light-Sensitive devices.



Charge Collection
• The anode electrode of the Ionization Chamber collects the 

“detectable” charge at the end of the drift distance → Qdet

S. Zeller, NygrenFest, 05/02/14 

TPCs for Neutrino Physics 
10 

T2K 

concept 

both  
massive 

and  
extremely 

high 
resolution 

•  gaseous TPCs 

   - T2K 
   - hadro-production exps used to 
     constrain ν fluxes (HARP, NA61, MIPP) 

   - spherical TPCs 
      (for very low energy ν physics) 

•  liquid argon TPCs (new generation) 
  (denser so more ν interactions!) 
   - ICARUS 
   - ArgoNeuT, MicroBooNE 
   - future short and long-baseline 
     ν oscillation experiments 

NB1: in LAr there is no charge-multiplication 
(as in GAr detectors), i.e. Qdet is the actual 
amount of ionization charge surviving 
Recombination (QIon → Qfree) and 
Attachment (Qfree → Qdet) 	


!
NB2: the shape and geometry of the anode 
electrode can be chosen in a variety of ways: 
the one relevant here is the 	


Time Projection Chamber geometry 
 with the anode plane formed by a 
succession of two (or more) parallel planes 
of wires  oriented at different angles:

☞ the LArTPC concept



LArTPC • Field-cage of TPC creates 
uniform drift region from 
cathode to a anode plane. 
!

•Excellent dielectric properties 
of noble liquids allow for 
sustaining high cathode voltages.  
Example: MicroBooNE has a 
2.5m drift, so a 500V/cm field 
requires: 125,000V on Cathode.	


!

•Recombination of electron-ion 
pairs diminishes signal.  Can 
compensate by increasing field, 
but this increases demand on 
cathode voltage.

24

Cathode 

EF



anode plane formedThree 
Wire Planes	


0o , ± 60o ICARUS TPC



MicroBooNE at FNAL



and Light Collection
• Any “PhotoCathodic” area can collect the LAr Scintillation Light 

[“PhotoCathodic” area is the active surface of an optical sensor where 
photons generate an electronic signal, typically a (photo-)electron 

current:    e.g. PMT,  SiPM, … ]

NB1: VUV (128 nm) light need to be 
wavelength-shifted into visible to be 
detected by PMTs (e.g. blue-sensitive).	


Coating PMT window with wls-material 
(e.g. TPB) is the most common solution. 	


!
NB1: detected light is mostly DIRECT light 
impinging upon PMT photo-cathode     
⇒ collection efficiency usually very low 
ϵcoll≈10-5 (for typical photo-cathodic 
coverage ≈ 1‰)

VUV (128 nm) light is only marginally reflected by inner detector surface (metallic cathode and field-shaping system - R≈20%)



Light Collection

28

• Light collection devices (PMT, scintillator bar, SiPM, etc…) immersed in the LAr, which 
puts constraints on their robustness to cold.!

• Argon scintillation light is deep in UV, so need to shift wavelength to regime where device 
has good efficiency.

Refs:!
1.)MicroBooNE, C. Ignarra, DPF 2011 Proceedings

Abosrption/Emission Spectrum of Tetraphenyl butadiene (TPB)

MicroBooNE PMTs behind TPB-coated plates

LArIAT TPC lined with TPB-coated foils



2” and 	


3” PMTs

8” PMT	


(TPB coated) SiPM 	



arrays

Prompt Scintillation Light (fast component ~5 ns) is detected (after VUV-Vis w.l. 
down-conversion) by arrays of PMTs/SiPM:	


  *  used for Triggering 	


  * used for determining t0 of event (time of passage of ptcl in LAr)	


     necessary for TPC event reconstruction: drift coordinate xD 

tD = (thit - t0) ;   xD = vD * tD



LArTPC technology 	


at work



LArTPC
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NB: 	



• The longer the drift 
length, the higher the 
demands on LAr purity 
and high-voltage 
capability.

• One of the attractive aspects of this technology is we don’t need to 
instrument the entire volume.  Just drift liberated ionization over to 
anode plane.  	



• This allows us to scale the detector to 	


very large sizes.



Operating Principle of the LAr Time Projection Chamber
The LArTPC technology allows for three-dimensional image reconstruction and 

calorimetric measurement of the ionizing events.	


!

When a uniform electric field is applied, the ionization electron tracks are projected 
onto the anode along the electric field lines.	



 	


The read-out of the electron track image is obtained by configuring the anode as a 
system of parallel wire-planes (number of planes ≥ 2), biased at specific potentials 

to enhance “transparency” of the successive wire plane to drifting electrons. 	


!

With this configuration, each segment of a track induces a pulse signal (“hit”) on 
one wire in each plane. 	



!
The coordinate of the wire in the plane provides the hit position, so that multiple and 

independent localizations (y, z) of the track segment can be accomplished            
(“non-destructive” read-out).  

Timing of the pulse (t0 from Prompt Scintillation Light) , combined with the drift 
velocity information, determines the drift-coordinate of the hit (x), thus providing 

full three dimensional (3D) image reconstruction capability.



crossing track

︷
track

 segment
Signals from 

wires	


in different 	



planes sensing 
the same track 

segment 
g1= 4 mm

g2= 4 mm

Drift 	


distance

Transparency is established when Eg2 ≥ rT Eg1 and Eg1 ≥ rT Ed 	


 with rT ≥ 1.3-1.4



The electronics implemented for the LArTPC wire signal readout is 
structured as a multi-channel waveform recorder that continuously 
records charge information collected by each sense wire during the 

drift of ionization electrons inside the TPC.

t0 Time sample

W
ire

 N
.

x

z

Signals from each wire are sampled/
amplified/shaped/digitized for a duration 
longer than the maximum drift time 
(milliseconds).  This is an eternity 
compared to usual HEP experiments.

Signals from each PMT are sampled/
digitized for a duration of few 
microseconds



LArTPC at work



TPCs
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• Drifting charge induces current in wires it is approaching/receding from.  !

• Wireplanes act as “Frisch” grids that shield subsequent planes from drifting charge.!

• Transparency of Induction planes, and opaqueness of Collection plane, is achieved through 
anode geometry and bias voltages applied to wires: Eg2 ≥ rT2 Eg1 and Eg1 ≥ rT1 Ed  (rT =1.4)

Refs:!
1.) Design of Grid Ionization Chambers, Bunneman, Cranshaw,Harvey, Can. J. Res. 27 (1949) 191!
2.) Design of Large LArTPCs, B. Yu, TIPP 2011



Image reconstruction in 3D is 
accomplished by combining 

information from the two 2D 
views



LArTPC: calorimetry
The hit amplitude (in ADC counts) in a wire of the Collection plane 
corresponds to the charge Qdet (in fC units) in the track segment δx 

detected on that wire (need calibration ADC to fC)	


!

a first correction is applied to obtain the free charge after 
recombination Qfree = Qdet/exp(−tD/τe)	



!
a second correction is applied to obtain the total charge released     

Qion = Qfree/R 
!

The charge Qion released is directly related to the energy deposited  
δE =Wion*Qion in the track segment δx.                                           

Note: (δE/δx) is a measure of the energy loss of the ptcl. 	


!

The total energy deposited Edep is obtained by summing over all the 
segments along the track, Edep =∑(δE/δx)i * δx  

    
Note: Edep = T  kinetic energy of the ptcl



When incident particle slows down and stops in the LArTPC active 
volume, the energy loss as a function of the residual range (the path 

length to the end point of the track) is used as a powerful method for 
particle identification (PId).	



!
 Charged particles of different mass (or charge) have in fact different 
increasing stopping power at decreasing distance from the track end,

LArTPC: Particle Identification



40 yrs later 
observation of a!
similar neutrino !
event in a LArTPC 

Proton path

𝜈 into 𝜇

𝜋 meson
Induction view

Collection view

𝜈 interaction 	


vertex

From Bubble Chamber to ArgoNeuT

Ready for studying 	


neutrino-nucleus interactions ??
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ArgoNeuT Event

Accessing so far 
undetectable features 

of neutrino 
interactions with 

target material is the 
new path to the next 
generation Neutrino 

Oscillation 
Experiments



MicroBooNE at FNAL



Backup 
Lecture 1



Electronics
• Signals from each wire are sampled/amplified/shaped/digitized for a duration longer than 

the maximum drift time (milliseconds).  This is an eternity compared to usual HEP 
experiments. !

• Small signal sizes demand low-noise electronics.!

• Placing the amplification circuit in the LAr, directly on the TPC, increases S/N performance.

44

2012 JINST 7 C12004

Figure 9. Plot of noise vs. temperature of 12 ASICs, total 192 channels. Noise is ∼1,200e− at 293K, and
∼550e− at 77K with 150pFCd .

Figure 10. Plot of gain uniformity of 12 ASICs, total 192 channels, at 77K with two different gain settings.

on several cold motherboards fully populated with 12 chips. We have accumulated ∼1,000 chip-
immersions in LN2 without any failures due to thermal contraction or expansion.

– 8 –

Refs:!
1.) Readout electronics for the MicroBooNE LAr TPC, with CMOS front end at 89K, H. Chen et al, JINST 7 C12004, 2012

10/16/14 F. Blaszczyk - Intensity Frontier Seminar 32

Current status & Schedule
● Primary, secondary, and tertiary beams have 

been commissioned

● Light readout system tested, cryostat, DAQ, 
power supplies, and control room ready

● Front-end electronics, and wire planes have 
been mounted on the TPC

● Cryostat will be closed soon and moved to the 
MC7 enclosure

● LArIAT phase I should run for 2-3 years

Data taking starts this fall / 
winter 2014!



(Neutrino) interactions inside the LAr-TPC

- Prompt Scintillation Light is detected (after VUV-Vis w.l. down-conversion) by array of PMTs.	


       *  Scintillation light collected by PMTs is used for

- Free Ionization electrons tracks in EF drift towards anode planes of wires 
*   Track segments induce hits on corresponding wires: the wire coordinate in the wire plane provide hit position. 	


*  Multiple (

               *   Timing of pulse (T

     ⇒ Multiple
*  Collection of the ionization charge on wires of the last plane (hit amplitude) measures the deposited energy  	


            

Text
Scint. Light & PMT’s

Recorded Wire Pulses ⇒ 

hit time and amplitude

Hits in 
wire 

signals

2D views

Full 3D Image

x

y

z

for ν Physics
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LAr-Time Projection Chambers allow multiple 2D and the 
3D reconstruction of charged particles tracks.!
" Charged particles crossing the detector ionize the 
liquid, producing free electrons that are drifted towards 
the readout wire-planes and produce digitized signals.!
" The 3rd coordinate is determined from measuring the 
drift time. Scintillation light gives the reference t0 time.!
" The total charge is prop to the deposited Energy ⇒ 

calorimetry.  (note: also scintillation light is prop to dep 
Energy)!

" dE/dx along the track ⇒ PId



LAr Worldwide
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Figure 4. Left: Picture of the TPC with the 125 field shaping rings. Right: View inside the TPC with the
mounted Greinacher/Cockroft-Walton circuit visible on the side.

maximal electric field is still much lower than the breakdown strength of liquid argon, expected
to be 1.1-1.4 MV/cm [19]. The optimal pitch for placing the field-shaping rings is 4 cm, with a
space between the rings of 5 mm. This results in 125 rings mounted in a column to build the field
cage, each of them having an outer diameter of 40 cm. With the cathode plate at a design voltage
of 500 kV the potential difference between two rings is 4 kV, providing the design drift field of
1 kV/cm. In Figure 3 also the resulting electric field strength and the electric field lines in the TPC
are shown. The field variations in the middle of TPC are smaller than 0.1% and at 150 mm distance
from the center the field variations are less than 0.5%, which is well within the surface readout of
20⇥20 cm2.

The Greinacher high voltage circuit presented in Section 2.3 is placed inside the field cage in
order to minimize the electric field at the surface of its small structures with radius less than one
millimeter. Inside the TPC the drift-field is only slightly disturbed by the Greinacher circuit.

In Figure 4 the assembled TPC is shown with 125 field-shaping rings.
These are made of solid aluminum, polished and gold plated to obtain a very clean and inert

surface. The total weight of the field cage with the wire planes is about 250 kg. The supporting
structure holding the field cage is made out of PAI (Polyamidimid + Ti02 + PTFE), which keeps
its mechanical strength from -200 �C to +250 �C, allowing for operation in liquid argon. Other
characteristics of PAI are its extremely low thermal expansion for a plastic (30⇥10�6 K�1 at room
temperature), very high electric resistivity (2⇥1015 Wm), very high mechanical stability (tensile
strength of 218 MPa at -196�C), high stiffness, excellent impact resistance and very good radiation
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•  first and only 
  membrane cryostat  
  built for scientific  
  purposes 

•  view inside of the  
  35 ton prototype 
  before filled with LAr 

•  plumbed into  
  the existing  
  cryogenic &  
  purification 
  infrastructure 
  from LAPD 

designed by a Japanese company (IHI) using 
LNG industry technology & built at FNAL 

LBNE 35 ton Prototype 

• 250L Vessel: 
– Dimension: 70cm ȍ㽢 100cm 250L 250L LArLAr TPCTPC

evacuable, vacuum insulated
– Small thermal inflow ~30W

Wi h b i d 0 13 X–With beam window ~0.13 X0
• 40 㽢 40 㽢 80 cm3 TPC inside

D ift di t 40– Drift distance䠖 40 cm

Anode

Drift
(40 cm)

Anode

(40 cm)

Cathode

PMT

Figure 1. Global view of the experiment.

The cryostat consists of three concentrical stainless steel cylinders: the innermost cylinder
contains the purified LAr with the drift chamber, the second cylinder is a LN2 bath kept at
a pressure of 2.7 bar in order not to freeze out the LAr at about 1 bar, and the outermost
cylinder is for the insulation vacuum.
The chamber has a length (along the B-field direction) of 300mm, a height of 150 mm and a

maximal drift length of 150 mm (horizontal drift field perpendicular to the B-field). The left
side of Fig. 2 shows a CAD drawing into the open chamber, and and the right side is a picture
of the chamber ready to slide into the cryostat. After pumping the LAr cryostat, it was filled
through a purification cartridge containing activated Cu powder to remove impurities, mainly
O2, the LAr was not recirculated anymore through the cartridge after the filling.
The chamber consists of a stainless steel cathode, 27 field shaping electrodes to produce a

Figure 2. Left: CAD drawing of the open TPC. Right: Picture of the TPC ready to slide into
the cryostat.

On top of the field cage two horizontal extraction grids are mounted with a gap of 10 mm in
between. The grid is a 0.15-mm-thick stainless-steel mesh, where square holes with a size 2.85 ⇥
2.85 mm2 are etched at a pitch of 3 mm all over the active area. The lower grid is positioned at
the top face of the field cage. For the double-phase operation mode the LAr surface is adjusted at
the middle of the two grids. The liquid level at each of the four corners can be monitored with a
precision of ⇠0.5 mm with the aid of four capacitive level meters. Ionization electrons produced
by ionizing particles are drifted upwards to the liquid surface. These electrons are extracted across
the liquid-vapor interface into the gas argon (GAr) phase with the aid of a strong extraction field
of typically 3–4 kV/cm between the two grids. They are then collected by the charge readout
system incorporating the Large Electron Multiplier (LEM), which is described in Section 2.1.2.
The bottom face of the field cage is covered by the cathode grid that is a stainless-steel mesh of the
same type as used for the extraction grids. The top (FS0) and the bottom (FS30) field shapers are
electrically coupled to the lower extraction grid and respectively, to the cathode.

The HV for creating the drift field is generated using a built-in 30-stage Greinacher HV mul-
tiplier, which is described in detail in Section 2.3. The circuit is integrated in the design of one
of the side-wall PCBs and the components are mounted directly on the outer surface of the PCB,
as can be seen in Figure 2. As already mentioned the generator itself avoids the use of a voltage
divider, since each multiplying stage provides a characteristic DC voltage. The various multiplying
stages generate a monotonously increasing potential to supply the electrodes surrounding the drift
volume. In our setup, the DC output of each of the 30 Greinacher stages is connected to each field
shaper via a wire through the PCB.

Figure 2. Picture of the LAr LEM-TPC with readout sandwich and drift field cage, which are about to be
inserted into the ArDM vessel. The stack of blue capacitors on the front side wall shows the Greinacher HV
multiplier.

Under the field cage two photomultiplier tubes (PMTs) are installed to detect scintillation
light produced by charged particles crossing the LAr target (primary scintillation, S1), as well as
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Far too much activity to cover each of these, so I’ll focus on the general aspects of LArTPCs
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