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Fig. 3. Some representative images obtained with state of the art
TPCs employed outside collider physics: a) S-delayed proton emis-
sion from 46Fe [76]; b) a low energy C or F nucleus (¢ = 214keV)
recoiling against a neutron [11]; ¢) a triple a event produced af-
ter the reaction 2C(v,a)®Be in a 150 mbar CO2 /N2 active target
[15]; d) a 1.275 MeV photoelectron from a 22Na source in a 10 bar
xenon/TMA admixture [36]; e) a low energy electron spiraling in a

magnetic field, reconstructed in a ~ 1 em® mini-TPC with an InGrid
device [10]; f) a cosmic ray shower obtained with the dual-phase ar-
gon TPC of the WA105 collaboration [9]; g) pair production of a
74.3 GeV photon in the HARPO polarimeter, based on pressurized
argon [77]; h) electrons with energies above 30keV, reconstructed
in 50 mbar of CFy4; i) elastic scattering between two a-particles at
around 1 bar, reconstructed with the AT-TPC [78].



Number of publications per year

400F

350}

300t

250¢

200t

150}

100

50t

TPC: time projection chamber

Ll 1 1 ] 1 ] ] I ] 1

TPC related publications
TPC for high energy physics
TPC for nuclear physics
TPC for neutrino physics
TPC for double beta physics
TPC for dark matter physics
wire chambers

’
T

. ‘e,

. .

1560 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

from scopus (efficiency and purity of selections verified to be within 85%)



ALICE

(heavy ion reactions)

NEXT-NEW
(B P0O-decay)

DUNE Far Detector

(neutrino oscillations)

| sesRrOLD
CACE

Inner radass B0cm
Outer radws 250cm

Lo 2aze0cn

Top thermosyphon Feedthroughs

Titanium cryostats
Anode and electron
extraction grids

Xenon recirculation

and heat exchanger

300 kg active liquid xenon

PTFE reflector pancls

Cathode gnd

Photomultiphier tubes

T Bottom the rmosy phon

LUX
(Dark Matter)

AT-TPC

(nuclear physics)

DarkSide-50
(Dark Matter)



TPC EigV/iem] B[T] H{x5)[m = m"j'] P [bar] image plane layout medium Ref
ACTAR flexible - 0.25(= ﬂ.‘lEr"j 0.1-3 MM (bulk) an generic (Haz, He, Ar...) [16]
AT-TPC flexible | up v 2 1 {xrrl]_i-'.g] 0.05-1 MM {microbulk) D generic (Ho, He, Ar, COa. .. [T8]
Warsaw flexible - 0.21 (= 0.18 = 31) 1 4+-GEM + PMT + CCD | 2D+1D Ar/He/CH4/Na-based [T6]
TUNL flexible - 0.21 (= 0.3 x 0.3) 0.13-0.18[ MSAC + PMTs + CCD | 2D4+1D C0a/Na [15]

NEXT-NEW| 200-600 - 0.53 (x w0.212) 5-15 mesh + S5iPMs + PMTs aD 136 X a_enriched xenon -
PandaX-I11 |(up to 1000 - (2x) 1 (x 7 0.752) 10 MM {microbulk) 2D+2D| 196Xe-enriched Xe/TMA [287]
DRIFT BO0-700 - (2x)05(=1x 1) 0.055 MWPC 2D+2D CS2,092-based [39]
DMTPC 150-250 - (4x)0.275({=x1 x 1) 0.04-0.1 | mesh + PMTs + CCDs | 2D+1D CFy [53,51]
NEWAGE B0-300 - 0.41 (=03 = 0.3) 0.2 p-FPI1C + GEM 2D+2D CFy [62]
MIMAC 100 - (2x)0.25(x 0.1 x 0.1) 0.05 MM (bulk) 2D+-2D CF4,/CHF4/i-CyHyg [288.51]
TREX-DM flexible - (2x)0.25 (x 0.25 « 0.25) 1-10 MM {microbulk) 2D+-2D Ne, Ar -based [21]
T2K-ND 200-300 0.18 (2x)1.25(x 1 = 2.55) 1 MM (bulk) an Ar/CF4/i-CaHip [161]
CAST ~ 100 - 0.03 (= 0.06 = 0.06) 14 MM {microbulk), INGRID | 2D4-2D Ar/i-CaHin [21,289]
MuCap 2000 - 0.12({x 0.15 = 0.3) 10 MWPC 2D+2D D-depleted Ha [290]
DUNE-FD 1000 - (=4) 12 (=60 = 12) 1 LEMs + PMTs 20420 argon [155]
LUX 181 - 0.48 {7 0.2352) 1-2 mesh + 2 PMT planes D Xenon [201]
XENONIT 120 - 1({xw0.52) 1-2 mesh + 2 PMT planes D Xenon [GE3]
PandaX-II 303.5 - 0.6 (=7 0.322) 1-2 mesh + 2 PMT planes D Xenon [202]
DarkSide-50 200 - 0.35 (=7 0.1782) 1 mesh + 2 PMT planes D 39 A r-depleted argon [43]
WARP(1001)( 90-330 - 0.6 (xw0.25%) 1 mesh + PMTs D argomn [203]
ALICE 400 0.5 (2:)2.5(«18) 1 MWPC (GEMs)*® + pads| 3D Me/COa /N2 [G1]
STAR 135 0-0.5 (2:)2.1(x18) 1 MWPC + pads an Ar/CHy [286]
Table 5

Some technical parameters of the most representative TPCs used in the search of rare processes, both in gas (top block) and dual (middle
block) phase. For reference, the lowest block includes two paradigmatic collider TPCs. The size of the active dimension along the electric
field is dubbed H and 5 is the active area. For dual-phase, the electric field i= given for the liquid phase and the pressure for the gas phase.
The compilation is illustrative since several of the collaborations are already heading towards an upgrade, e.g., NEXT [182], MIMAC [51],

T2K-ND [204], DarkSide [205] or LUX [23].
*2 the ALICE TPC will replace its MWPC plane by a 4-GEM one.




A generic TPC for rare event searches
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charge/photon sensors

» 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.

A generic image formation process ina TPC
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work flow

sensor development at RD51 CERN workshop

possibility of sensor development at IGFAE (or other
national institutes) currently under consideration

sensor design

% sensor characterization
J good

sensor production

OTPC simulation

OTPC construction

OTPC design
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why ‘Optical’ TPCs?
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enabling assets 11(a)
(0as, purification and vacuum system)
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enabling assets 11(b)

(gas, purification and vacuum system)
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enabling assets 11
(chamber for sensor characterization: Nausicaa0)

PMT teflon-frame

acrylic hole-based scintillator

(akin to GEMs, but x100 larger) test assembly NausicaaO general view



enabling assets 1V
(chamber for experiments and commissioning of NEXT tiles: Nausicaal)

first (approximate) sketch
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* 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. Caamario).




NEXT EL-tile
(xenon-based)

Fission TPC (p
(Ar/CF,)
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enabling assets VI (full description of cascade of excited states down to scintillation)
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enabling assets VI
(some working parameters achieved)

« Vacuum level achieved (with Nausicaa0O fully assembled): 5x10-¢ mbar (after just one night).

«  Gas system pressurized up to 10bar with a leak rate 10-°-10* mbar | s1.

» NausicaaO rated up to 10bar (presently working at 3bar).

« Single-photon sensitivity proven. > ||

*  First results from scintillation from the new NEXT EL-tiles. T

\ (yesterday evening)
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» voltage across the tile: 5kV

e drift field: 1kV/cm/bar

» pressure: 3bar

» signal seen in 3PMTSs simultaneously




NEXT

Detector
development

fission TPC

directional dark
matter

precision x-section
measurements /
DUNE

Forest fire detection
and monitoring

present collaborators
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Directional Dark Matter detection (should IGFAE get strongly involved in this activity?)

Two main promising techniques:
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Precision measurements for neutrino physics (or this other one?)

optical TPC proposed by
R-H. for the experiment

Proposal for Measurements of Hadron Scattering with a
Gaseous Argon High Pressure TPC for Neutrino Oscillation
Measurements

C. Andreopoulos'®, G. Barker!'®, S. Boyd!®, D. Brailsford!!. G. Catanesi®.
Z.Chen-Wishart'®, P. Denner'®, P. Dunne!?, C. Giganti?®,|D. Gonzalez Diaz?®,
J. Haigh'®, P. Hamacher-Baumann??, Y. Hayato®, L. Irastorza’", B. Jamieson',
A.Kaboth!'?, Yu. Kudenko”, M. Leyton®, K.-B. Luk?!, W. Ma!?, K.B.M. Mahn?’,
J. Martin- Albo!'”, M. Martini2, J. Monroe (P.I.)!3, U. Mosel?®, R.Nichol'5, J.Nieves?,
T. Nonnenmacher!'?, J. Nowak!!, W. Parker'3, J.L.. Raaf'®, J. Rademacker!?,
T.Radermacher??, E. Radicioni®, S. Roth??, F. Sanchez®, D. Sgalaberna'?,
Y. Shitov!?, S. Valder'®, J. Walding'®, M. Ward'?, M.O. Wascko'?, A. Weber!",
M. Yokoyama?, and A.Zalewska®

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

1-5mm

Photocathode B-30 nm

Drift
Amplification

100-300 pm

50-150 pm

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