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Physics

LAGUNA

LAr TPC technique

Argontube (LAr TPC with 5 m drift)

Conclusions




* Neutrino properties u i
6 )
— Cp violation (lepton sector) |
— Mass hierarchy

* Neutrinos as probes

— Supernova Neutrinos
— Solar Neutrinos
— Other neutrinos sources

* Proton decay (GUT)







Three dimensic

Readout of the charge is only on
surface

Read out charge corresponds to the
energy deposited in the detector

Momentum estimation via multiple
scattering

The detector is fully homogenous

Charge yield (m.i.p.) 6000 e/mm
Photon yield (m.i.p.) 5000 photons/mm (128 nm)

Electron drift velocity 2mm/us (@ 1kV/cm)
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Prove the feasibili

 Main technological issues
— 500 kV in liquid Argon
— Signal over noise ratio at least factor 10
— Impurities at the level of < 0.1ppb

* Possible studies
— 5 m particle tracks
— Measure the purity (Charge loss along the drift)
— Electron diffusion (parallel and perpendicular to E-
field)
Test new readout system and electronics
Muon decay (Michel spectrum)

*Outer volume: 1.2 m3
*Inner volume : 1.1 m3
*Active volume: 0.2 m3
*Mass of active volume: 280 kg







Electric mmetric)

Comsol (Finite element analysis software)

Dimensions of cryostat: 0.5m x 5.6m

Dimensions of the drift chamber : 0.4m x 5m
Pitch between two rings: 4 cm

Different thickness and forms of field shaping rings

have been simulated
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R(1)=0.005 Streamline: Electric field
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R(1)=0.002 Streamline: Electric field lines
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breakdown voltage in LAr: 1.1-1.4 MV/cm

Rings cross section:
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High

Greinacher multiplier)

125 stages installed
Maximum AC input voltage is 4kV peak to peak
Sinusoidal input voltage 50 Hz

500 kV should be reached providing a drift field of 1 kV/cm




Wire chamber Front-End Electronics

Collection plane Collection Amplification Channels

Max Drift Distance: 5000 mm
e Velocity: 2mm/us
Max Drift Time: 2500us

Sampling: 10 ns
DAQ window: 256kSamples/ch = 512kb/ch
Event Size = 512kb/ch * 128ch = 65MB/e

Sampling: 100 ns
DAQ window: 32kSamples/ch = 64kb/ch
Event Size = 64kb/ch * 128ch = 8MB/ev




Vacuum

* Pumping with pre

* 5 days of pumping

* Vacuum: 4.8E-5 mbar

Filling

* 6 htofill ARGONTUBE

e 2600 | of Argon used

* Filtered Argon was injected (Oxygen trap)
» Before taking data one night of liquid
recirculation through oxygen trap

Operation 4 ,
HV was ramped up to 1.2kV AC input voltage (150 kV) -> discharges

Stable conditions at 1 kV AC input voltage (125 kV)
Cosmic muon tracks

Laser induced signals

Drift field not homogenous (from 250V/cm-150V/cm)
Measured voltage 100kV

2 Weeks of operation (about 10’000 events)










Induction view, Event 675

i

LR u..mra !
L] 500 1000 1500 2000

Zmn

) 500 1000 " 1500 2000

Zmn

° 500 1000 1500 2000

ollection view, Event 598

{




4
Feed throug

Argon is ionized via 3 photc
absorption

Maximal drift: 6.1 ms
Corresponds to 100kV




Purity measurement with UV-laser and muons

Electronegative molecules absorb drifting electrons (Oxygen or Water)
Charge attenuation along the drift is called charge live time

*  Purity measured with muon tracks
*  Purity measured with UV laser beam

2500 ms of live time
corresponds to our 0.12
ppb of oxygen equivalent




Charge distribution on wire at Time 3700 [f 9.513/10
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The Icarus Collaboration
measured: 4.8 cm?%/s




Dewar and inner vessel installed

Design, construction and installation of the detector is finished
Vacuum and filling was successful

Recirculation system for Argon purification is working

HV about 100kV (500kV nominal Voltage)

— 3 candidates for discharges (bubbles, dust from filters and
electrostatic force)

Muon tracks of almost 5m drift

Laser tracks with 5m drift

Purity of about 2.5ms

Transversal electron diffusion Dt 5.2 cm?/s







Induction view, Event 795
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Induction view, Event 113
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Induction view, Event 338
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Induction view, Event 487
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Measured voltage on field mill
Input voltage multiplied by 35 (humber of stages)
Input current

Voltage [kV]

|
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Time [s]




* Prototype: 35 stages installed

Electric field mill on the bottom
Filled with liquid Argon

AC input voltage 4kV

140kV should be reached
Reached voltage 110kV




Amplitude

I
0.01

I
0.015

1
0.02

1
0.025
Time

1
0.03

1
0.035

1
0.04

1
0.045

1
0.05

Amplitude

)
0.01

1
0.015

|
0.02

|
0.025
Time

1
0.03

1
0.035

1
0.04




Surface: Electric field norm (V/m)
4 2.463x107

Calibration curve of the field mill

e
w

In air, Signal F 15Hz
In air, Signal F 9Hz

In air, Signal Frequency 3Hz

In liquid Argon, Signal Frequency 15Hz
In liquid Argon, Signal Frequency SHz
In liquid Argon, Signal Frequency 3Hz
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gnal from field mill [V]

Si

Dielectric constant of liquid argon
Literature :1.52
Measured :1.48+0.03
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Read-out plane
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Drift time

Nd-YAG laser ﬂ@

Photo
diode

time [us]
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[__Global C view (2 wire planes) - Event number 60 |

Laser track
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Laser beam
to monitor the purity of the LAr

Longest life time 2000 us (~ 0.1 ppb) hitting the

sensitivity

limit of the detector. Longer life time can only be
measured with the ARGONTUBE
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Purity measurements with UV Laser

(500 V/cm)
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