The GridPix Gaseous Pixel detector:
status, plans & applications
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Application of Micromegas

New:
- pixel chip as active anode readout
- MEMS made Micromegas: Integrated Grid InGrid



Fig.3: The GndPix deleclor: a passing fast charge leaves a frack of fon-glactron pairs in the gas volume
above the readou! chip. The liberated eleclrons drift towards the chip and cause an avalanche in the high-
field reqgion belween the perforated elecirode (green dashed ling) and the microchip. The insel highlights
the gas avalanche par! of the deteclor.




We apply the ‘naked’ MediPix2 chip
without X-ray convertor!
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Drift cathode

Pads of pixel chip

Amplification grid




Cathode plane




Calculated diffusion (o) and drift velocity (V,)of DME/CO, 50/50 vs electrical field (E)
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Typical event in all 4 detectors (angle 10° )




Summary of Performance of Gossip

- track position resolution:15 ym: simulation 15 uym;
- single electron efficiency: > 90 %
- track detection efficiency: 99.6 %; simulation 99.4 %

Three new infrastructural issues:

- New gas
- miniHV
- ReLaXd readout interface for TimePix-Medipix









leak rate




miniHV HighVoltage (low current) system

- HV: - 1000 V or — 2000 V

- Current: up to 5 pA

- current measurement: 20 pA resolution
- CAN bus (pc) controlled

- discharges are monitored & counted

Powersupply unit

PC + CAN-interface




RelLaXd Readout




TimePix

TimePix

From aside




Gas versus Si (or Gossip versus Si detectors)

Pro:

- no radiation damage in sensor: gas is exchanged

- modest pixel (analog) input circuitry: low power, little space

- no bias current: simple input circuit

- low detector material budget: 0.06 % radiation length/layer
typical: Si foil. New mechanical concepts

- low power dissipation : little FE power (2 uW/pixel). no bias dissipation

- operates at room temperature (but other temperatures are OK)

- less sensitive for neutron and X-ray background

- 3D track info per layer if drift time is measured

- gas is cheap (and very cheap wrt. Si sensors!), and light

- single (free drifting) electron sensitive

Con:

- Gaseous chamber: discharges (sparks): destroy CMOS chip

- gas-filled proportional chamber: ‘chamber ageing’

- limit in spatial resolution due to low primary gas-particle
intferaction statistics

- Needs gas flow

- Parallax error: 1 ns drift time measurement may be required

- diffusion of (drifting) electrons in gas limits spatial resolution



There is a broad interest in GridPix chips

Commercial production is under development
at IZM-Fraunhofer, Berlin.
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New R&D: the all-ceramic GridPix:
- Si TimePix chip

- SiNitride protection layer

- SiNitride InGrid

=»common thermal expansion coefficient: 6 x 106 K-

First GEMGrid with SiO2 as insulating spacer between grid and substrate
Victor Blanco Carballo, MESA+/Nikhef



Processing

of GEMGrid Test Chip (ll)
GEMGrid Tgst ._lfChip after BCB Dry Etc
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Processing T
of GEMGnd Test Chip (III) ™

Cross section of GEMGrid test chip
embedded in a transparent Epoxy

BCB pillars blue coloured

Top electrode — aluminum

Dielectric layer- BCB —

Bottom electrode — aluminum

Silicon wafer
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Applications of GridPix and Gossip



“The baseline ATLAS inner tracker upgrade is an all- silicon
detector. New technologies such as GridPix and the Gossip
version of it could become an alternative sensor technology to
pursue for part of the detector. They would only be adopted in
case of major performance or cost advantages over silicon
technology, or if technical issues are found in the silicon projects
in the next 2--3 years. The EB has considered the Gossip R&D
proposal, and supports this R&D for a limited duration of 3 years
to . In
2013, ATLAS will review the results and consider if there are
sufficient elements for further pursuance of this technology for
ATLAS”



ATLAS Upgrade

4 layer Gossip Strixel




GOssip in ATlas

Inner Layer: 7 double Goat strings rate

0SSIp m

Gossip detector unit

@60mm Beampipe

0. cooling channel



Testbeam Nov 5 — 12, 2007
PS/T9: electrons and pions, 1 — 15 GeV/c
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LVL1 Momentum Tng#er Double (Si) layers

S

Two points:
Track segment
(vector)
Requires inter-pixel chip
/

communication

Gossip measures track segment
in single layer




projected track length
is measure for momentum:

- directly available (LVL1)

at no (extra) cost (mass, power)
t larger R: gas drift gap ~20 mm
2 BXs

quires fast on-pixel chip processing
We are using 130 nm tech.

What about 45 nm tech?

LVL1 trigger from inner tracker









Endpoint Annihilation






Particle track image
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TPC readout:
Fiducial surface
Inter Chip Dead regions




LVL1 TPC

Transition
Radiator

TRT




WIMP search, bi-phase Xenon

* GridPix TPC
as

WIMP / DBD

detector



Bottom PMT Array

In se:
GridPix (=TimePix + InGrid)
with grid facing down!

WIMP
...-""..

Detects single electron events
with 99% efficiency!

[Essentially due to small pixel
input pad capacity]




4th RD51 Collaboration Meeting

Maarten van Dijk
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- TimePix functions well in LAr temperature (-180 C)

- In pure Argon, gas gain is limited to ~ 10. Confirmed by other (GEM & TGEM tests)
UV light avalancje propagation?
Needs to be understood: simulations. A gain of 300 would be sufficient.
GEMGrid?

- InGrid collapses at low temperature, due to differences in thermal expansion

of InGrid materials (epoxy, aluminium, Si).
Requires all-ceramic GridPix: also good for outgassing.



TimePix chip

gas

E-field

liquid (Xe, Ar)

Transient at
liquid level

Leave out InGrid!

Gas multiplication

in gap between

chip and liquid surface!
Gap ~ 50 microns,
needs active feedback
control.



Gaseous 0-v Double Beta Decay Experiments

superNEMO:
Geiger tracker+
scintillators

hyperNEMO

TPC with GridPix readout

E-field

B-field:

- Beta tracks contained in gas volume

- momentum measurement from init curvature
- total absorption: energy measurement

good energy resolution!



GridPix as photon detector

- Photon conversion on InGrid, possibly covered with Csl

- Photon conversion in gas (100 eV — 1 MeV)
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PolaPix
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Using a GridPix detector: for the 3D detectlon of
polarized X-ray photons

Sjoerd Nauta - Nikhef
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CHAFPTER 4. METHODS AND MATERIALS
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graphene window
Window ~ Field cage
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Inerid for CAST .

Two detectors under discussion:
n_ "””‘ * 3 c¢m drift distance, field cage, Ar based gas

 Tamadear — '__,_,_/’ Plﬂ;'{_lglﬂﬁﬁ X- “ray E—

windowe

| l\l-"eld

Special attention on: Backplate  CTiP carmer Anode

* As little copper as possible with InGrid plane

» Radiopurity of materials * 1 cm drift distance, without field cage,
_Xe based gas

When construction is finished: AEEEEE

» Background rates
» X-ray spectra ﬂ
 Study n background
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