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Small-pad Resistive Micromegas

for high rate applications

@® “High n muon tagger” for the ATLAS experiment at CERN;
©® “Small-pad Resistive Micromegas” prototype;

® Gain measurements as function of the amplification field,
using >°Fe sources;

@® Alternative gain measurements as function of the X-ray
rate, using the SRS system;

@® Estimates of detector efficiency and spatial resolution
from test beam data analysis, using pions.

All measurements have been carried out in the GDD laboratory of the
R&D 51 collaboration at CERN
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High n muon tagger for ATLAS

Thin-gap chambers (TGC)
3 Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

. REQUESTED FEATURES: -
- high granularity (few mm?);

- performance at high rate (> 10 MHz/cm?);

- spatial resolution about 100um

ATLAS Phase Il Upgrade
(HL-LHC 2024)

Pseudorapidity n = -In(tan 6/2)

n=4 —>» 06=0.5°
~25cm from the beam line

EML EOL

Large-n
tagger
Z~680cm
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Resistive strip Micromegas

Micro Mesh Gaseous Structure
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TRANSPARENCY: part of electrons which gets through the mesh plane (« E,,,,/ E )

GAIN: ratio between the number of avalanche’s electrons and the number of primary ionization
electrons
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Small-pad Resistive Micromegas

NEW PROTOTYPE:
> - >

Sma”_pad pattern with an — I S — ceee

embedded resistor between the

resistive and the readout pads. It

could be part of Phase Il upgrade.

SECTION VIEW

The layout is composed by:

| black layer: resistive pads;

Il black layer: embedded resistors;
Brown layer: kapton foils;

Grey area: conductive silver paste;
Yellow layer: readout pads.

*—» Path of the collected electron —

MESH

Pillars

ouT 3

TOP VIEW

Readout channel mapping.

Matrix of 48x16=768 pads

(1x3)mm?* each one, ouT
(5x5)cm? active area.
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Gain measurement: >°Fe sources

E B High *Fe (May 2017)-30ns
- 55Fe sources: - ®  Low “°Fe (May 2017)-30ns ; t
- low intensity (3.28MBq in 2011) 4 Low " Fe (May 2017)-300ns i .
- high intensity (1.1GBq in 2012) 107« Low "Fo, MOA Bocember 2016) j oo
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Difference of ~20% between the sources

CHARGING UP EFFECT: l

Part of the avalanche’s electrons is deposited on the
dielectric plane between the resistive pads (200pum) and
they can’t evacuate towards the ground. A localized charge
effect is created and the electric field looks less intense.
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Gain measurements: X rays

OPERATION
- -
E;?::zﬂﬁmi";y Electrons are accelerated .
thermionic emission by high voitage The tube provides for

X-ray at 8keV

The chamber has been
placed orthogonal to the

X ray beam
x-rays produced when
high speed electrons
hit the metal target
T ndi w27 | The linear trend is respected only for the first points.
" e The saturation is due to the dead time of the electronic

p1 2.316e+06 + 3.15e+04

instruments used in the setup.

s+ fitted point
The other ones are extrapolated by a linear fit:

® measured point

ce b b b b by Rate:pO'l'pl'IXray

. 4
|_Xray(mA)

Mar 11, 2018



Gain measurements: X rays
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A collimator (3mm) and a layer with 20mm
opening have been used in order to change
the rate/cm? and to vary the hit area.
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Scalable Readout System

HV mesh Scaler
A-PIC | Oscilloscope — Discriminator
60 mV
Trigger

I mesh

PADDY

4
( | HV drift

]

o | ~
— NP Mo

L]

> >
SRS has been used to know the

| P signal (charge, time, position) of
'"0 Scalable Readout Unit each hit pad.

(large-size system)

ADC FEC

APV25 1! C-card adapter  FEC card

| % The SRS trigger is provided by a
ﬂ discriminated signal from the
a mesh plane. Collected signals
DAQ LAN {small/ . .
medium size system) are correlated with the trigger.

ot
Chip-link
(HDMI, optical}™

PCIE connectors
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Beam profile

Pads hit by the X-ray beam, using layer with 10mm opening, 3D and 2D views
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Cluster algorithm

SPATIAL ONE: starting from the most energetic hit pad, eight
closest pads to it are controlled,;

REQUESTS
TEMPORAL ONE: the time of the pad is distant or less of 50ns
from the cluster mean time, or less of 25ns from the next pad.

Example of clusters built in the same event T e T distribution for each cluster

< 10r Charge

% E 1600 10° = RED: Spatial and

£ % 1400 - temporal requests

T o -- 1200 i BLUE: spatial request

G 8-

o r 1000 104
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X pad index Tmax-Tmin
100ns: drift time in 5mm
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High rate calculation with X rays

- Distribution of the cluster mean
Alternative method to calculate the rate mmp - .
time, weighted to the charge

!

correlated events with the trigger
A

A

R —
25ns -nbins - T

10*

10°
A: entries in the selected area;

25ns: temporal size of each bin;

Nbins: bin number included in the 102 : :
range; 7 j
T: trigger number in all the run : //
(number of events) 10 — '_,',""1'0"",'5"i e T
~

1
2 30
j Time bin

The range has been chosen into the histogram tail to
analyse only uncorrelated signals with the trigger
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High rate calculation with X rays

HV= 490V - 690V - layer with 10mm opening

¢
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SYSTEMATIC ERRORAT THE R___ Gain versus Rate/cm?

Introduced by the choice of the temporal
request in the cluster algorithm
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Test beam: resolution and efficiency

Pions at 500GeV provided by the SPS@CERN

‘Y
Pion .
track A
2.
_____ (e /
\\ .'
by o~
M,
‘51.5”}"; o
Wy » 5

- SETUP USED FOR THE MEASUREMENTS:

- two scintillators which provide the trigger signal;
- two strip Micromegas (TMM) used as external trackers;

- Paddy was placed in the middle.
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Spatial resolution results
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Spatial resolution results
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Detector efficiency

EFFICIENCY in 3o from the extrapolated point
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Saturation cut

Cut at 1650 ADC counts
because of the ADC
saturation peak

Charge distribution of the single hitpad  ——)p
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5000 Mean 579.3
Std Dev 617
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| | | |
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Detector efficiency results
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Studying a different criteria to analyze the saturated pad, without deleting the event
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Conclusions

Gain versus HV using >°Fe sources; stable values, about 10°+10*, are obtained.

Gain versus rate/cm? using X ray beam and varying the hit area. Values about
10° at ~150 MHz/cm? are obtained;

@ Good agreement between the R_. and R, calculated by different ways, has
been verified,;

@ The spatial resolution in x view is ~170pum, in agreement with the precision
coordinate requested in the “High n muon tagger” project;

The spatial resolution in y view is ~730um, because of the bigger size of the pad,;

The detector is efficient at 97% with a 1t rate of 400kHz/cm?.
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Paddy transparency
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Charging up effect

120~ * High Intensity - * High Intensity
C , 501 . ,
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Charging up effect

Scan in the x way using X ray

Scan in the y way using X ray
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Cluster algorithm

Number of clusters built for each event Number of pad for each cluster
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Detector efficiency

Residual in X view in Paddy
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Detector efficiency

Residual in Y view in Paddy
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DLC prototype

High intensity
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Top layer
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Internal layer

Copper readout Pads
One connection to ground through vias

from top and internal DLC layers
EVERY ~ 6x6 mm2
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