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TPC: time projection chamber



ALICE
(heavy ion reactions)

NEXT-NEW
(𝜷𝜷0-decay)

LUX
(Dark Matter)

AT-TPC
(nuclear physics)

DUNE Far Detector
(neutrino oscillations)

DarkSide-50
(Dark Matter) 





A generic TPC for rare event searches A generic image formation process in a TPC

• Aimed at complex topologies and maximal collection

of event information.

• Seamless! (no beam pipe).

• Usually no space-charge issues.

• No ageing issues (interaction rate is low).

• Radiopurity issues (in some cases).

• B-field seldom found.

point spread function

impulse response function



work flow

sensor development at RD51 CERN workshop

sensor design

possibility of sensor development at IGFAE (or other

national institutes) currently under consideration

OTPC design

experiment conceptualization

sensor characterization

OTPC construction

sensor production

OTPC simulation

good

experiment realization

send to collaborators

apply in society



why ‘Optical’ TPCs?



enabling assets I

(fully refurbished work space at LabCAF and workshop)

LabCAFLabCAF

LabCAF workshop



enabling assets II(a)

(gas, purification and vacuum system)



1 2

enabling assets II(b)

(gas, purification and vacuum system)

1:    P-gauges

2:    mass flow regulator

TABLE-FRONT

TABLE-BACK

PANEL-BACK



enabling assets III

(chamber for sensor characterization: Nausicaa0)

PMT teflon-frame

test assembly
acrylic hole-based scintillator 

(akin to GEMs, but x100 larger)
Nausicaa0 general view



enabling assets IV

(chamber for experiments and commissioning of NEXT tiles: Nausicaa1)

• General-purpose chamber for NEXT EL-tile testing and columnar recombination studies (for application 

to directional Dark Matter detection).

• Possible use as fission TPC currently under study (see talk of M. Caamaño).

first (approximate) sketch



enabling assets V (Finite element simulations + electron transport across scintillation structures)

NEXT EL-tile

(xenon-based)

Fission TPC (proposal)

(Ar/CF4 )



enabling assets VI (full description of cascade of excited states down to scintillation)

main processes evolution of populations

time spectrum

scintillation yields



enabling assets VII

(some working parameters achieved)

• Vacuum level achieved (with Nausicaa0 fully assembled): 5x10-6 mbar (after just one night).

• Gas system pressurized up to 10bar with a leak rate 10-5-10-4 mbar l s-1.

• Nausicaa0 rated up to 10bar (presently working at 3bar).

• Single-photon sensitivity proven.

• First results from scintillation from the new NEXT EL-tiles.

• voltage across the tile: 5kV

• drift field: 1kV/cm/bar

• pressure: 3bar

• signal seen in 3PMTs simultaneously

(yesterday evening)
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SUDOE 

proposal under 
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Directional Dark Matter detection (should IGFAE get strongly involved in this activity?)

Two main promising techniques:

• Ultra-low diffusion TPC at low pressure (~50mbar). 

Negative-ion based.

• High pressure TPC, based on a poorly understood 

phenomenon: ‘columnar recombination’. This would 

be a revolution, but the process has never been 

studied for low energy nuclei.



Precision measurements for neutrino physics (or this other one?)

3% accuracy on systematic errors needed for next generation (DUNE and T2K) experiments!

optical TPC proposed by

R-H. for the experiment

proton-Ar cross-section neutrino-Ar cross-section



extra: (20ps-level time resolution with gaseous detectors)

single-photon time resolution time resolution to minimum ionizing particles


