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Dual phase LAr detectors
The LAr LEM TPC concept
A first 10x10 cm? prototype
Towards a large area LEM TPC: a 40x76 cm? assembly
« HYV generation by an immersed Cockroft-Walton (Greinacher) voltage
multiplier
An improved 10x10 cm? prototype
Plans for a 6x6x6 m? prototype



Dual phase concept for LAr detector

* |n 1968 Alvarez suggested the use of liquid noble gases as high spatial
resolution detectors (low diffusion of electrons in liquid) , and as total
absorption counters

= In 1970, to obviate to the unsuccessful attempts to achieve charge
amplication in LAr, Dolgoshein proposed and successfully tested the
main features of dual phase argon detectors
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= See A. Buzulutskov JINST 7 (2012) C02025 for a recent review



LAr LEM TPC

» LAr LEM TPC

» dual phase LAr TPC with ionization charge amplification in pure Ar gas

= Large Electron Multiplier (LEM), also known as Thick GEM

» introduced by A. Rubbia, NO-VE Workshop, Venice 2003, hep-ph/0402110
== « flawless reconstruction (also for low energy events e.g. Supernova)
requires excellent signal to noise ratio and collection view provides best

imaging

* long drift paths (compensation for diffusion and charge attenuation)

= reduced number of channels
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LAr LEM TPC Concept

. anode
4. Charge collection on a 2D anode readout —
(symmetric unipolar signals with two upper 105 \NUIZ
orthogonal views) electrodes
3. Charge multiplication in the holes of the Large O e
Electron Multiplier (LEM) in pure Ar gas
cy o u 3.0kV/cm
il | | *
Ger = Texp[Apxe™Pr/(ko)] X e
? | \ /' | 1.5 kV/cm
Garfield simulation of o
an electron avalanche
4.5kV/cm
| 3.0kV/cm
2. Drift electrons are efficiently emitted into the
gas phase extraction
) ) ) L. grids
1. lonization electrons drift towards the liquid | 0.5 kv/em

argon surface



Cu strips (x&y)

CF250 flange

signal cable
(flex print)

signal plane
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charge readout
;ilZIIIIZIZIIZIZZZI extraction grids
> 2D Projective anode readout
21 cm drift

field shaping rings

* Charge is equally collected on two sets
of strips (views)

* readout independent of multiplication
* two collection views (unipolar signals)

cathode grid
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................... —— protection grid

light readout (PMT)

» Large Electron Multiplier (LEM)

* Macroscopic Gas hole Multiplier (=Thick GEM) %
* more robust than GEMs (cryogenic temperatures, e, ot
discharge resistant)

* manufactured with standard PCB techniques

1 mm thick FR4
500 um holes



Proof of principle with 10x10 cm?
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»signal shape of x and y view
identical

»charge sharing verified:
(x-y)/<x+y> better than 5%

» design parameters verified
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Towards a large area readout

detector fully assembled

16 signal cables

charge readout '
sandwich

4 capacitive
level meters

A. Badertscher et al., JINST 7 (2012) P08026
A. Badertscher et al., arXiv:1301.4817




40 x 76 cm? readout assembly
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HV generation
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Operation of a 40 x 76 cm? assembly

Detector operated for the first time in October 2011 during more than 1 month

» The events shown here were
recorded after...

» optimizing the field
configuration (mainly the
amplification field of the LEM)
»improving the LAr purity

Field configuration

LEM-Anode 1800 V/cm

LEM 35 kV/cm

grid-LEM 600 V/cm
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Results: signal to
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An improved 10x10 cm? prototype

Single extraction grid (smaller absolute voltages, better transparency)
Anode at ground (no internal decoupling capacitors)
New simplified readout

Readout capacitance
* Readout capacitance of Kapton-type anode =600 pF/m
* capacitance reduction needed, due to noise requirements...

" Mass production
* simple PCB preferable to Multilayer Kapton

new readout: simple 2 layer PCB Realization with C=200 pF/m
view 0 readout channels

ey

via
iew 1
_4>V|ew
3 mm Q readout
pitch ON [N => channels

ONIONNN =>

D. Lussi, TPC Symposium, Paris, December 2012
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Results

LEM field scan

% 30 __lllffffl ..... __

* drift, extraction and induction fields were g [ of/nd 0.1274/6 ]
P . . T 25 transparen . = 0. s sy £

kept constant while increasing the LEM field 8 BSOS

* 32 kV/cm could not be exceeded due to the 20[ temperature (K o= 0 /o]

amp. length (cm) 0.0825 + 0.0006565

onset of discharges
* the achieved gain of =30 confirms previous :
results 10

15}

Stability run with optimal field configuration  5;
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D. Lussi, TPC Symposium, Paris, December 2012



LAGUNA prototype @QCERN

* 6 X 6 X 6 m3 prototype to be constructed and operated at CERN, as a prototype of the far

detector double-phase TPC
* To be exposed to charged test beams

* Detector to be positioned in the North Area in an extension of the EHN1 building
* Timescale: proposal to be submitted in 2013 to CERN SPSC, if approved 6 x 6 x 6 m3

could be operational around 2016

FT for PMT signals and PS  Anode hanging FT

HV chimney

HV chimney

Signal feed through chimneys (12)
Each with: 10 x 32 pin connectors
For a total of 7680 electronic
channels

Anode deck made by 144

05x0.5m2panelsor 72 T~y
0.5x1.0 m? panels :

Field shaping electrodes (60)
D: 69 mm

P: 100 mm

Cathode (gridded)
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Field shaping electrodes
spacers/supports (16)
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HVFT

PMTs (4/m2 = 144)

anco Sergiampletri, 20 August 2012
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Conclusions

» LAr LEM TPC: a technique to improve the quality of the
signals of a LAr TPC
= for a better reconstruction of events ina LAr TPC
= |nteresting applications for detection of below mip signals
(dark matter...)
» extensive prototyping on small scale detectors
= 10x10 cm?: double phase LEM-TPC proof of principle
= 40x76 cm?: first large area device with compact and fully
embedded double phase charge readout
= an improved 10x10 cm? prototype
 simplified 2D anode readout at ground!
> next step is a 6x6x6 m? double phase LEM-TPC prototype with
a total readout area of 36 m?
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Readout electronics /| ETHZ preamp

» Cascode design with 4 parallel JFETSs at the input
(C. Boiano et al. IEEE Trans. Nucl. Sci. 52 (2004)
1931)

» RC=470 ps feedback (C=1pF)

» RC-CR shaper with zero-pole sub. mechanism =
(no undershoot)
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» over-voltage protection at input avis {H i Te [J?sk = et
» preamplifier is realized with discrete components =+~ 11> =T
»two preamplifier circuits are implemented on a B - L
single 4-layer PCB N
RMS ENC vs. input capacitance & shaping performance summary
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