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Today the Micromegas are a mature technology. They

are currently being implemented In

experiments, as ATLAS.

High granUlarity Micromegas)

Small-pad

and effective spark quenching, up

charges of tens C/cm=. To cope with the high number
of readout channels and allow for the size scalability

of the detector avoiding dead areas, the

the readout electronics has been implemented in the

back of the detector.

Characterization set-up

Characterization measurements carried out

with two different exposures:
(1) >>Fe radioactive sources

(2) Cu X-ray gun (8 keV - ionization > MIP)

Gas mixture used: ArCO, (93:7)

>Aging free gas, safest to operate with high

irradiation for long exposures

I\/Iicromeg
stablility an

Extending
capabilities of this technology while maintaining its
fine spatial resolution and good stability against
sparks Is a great challenge. The RHUM (Resistive
collaboration
focusing its R&D activities on the novel Resistive
Micromegas detectors.
objective Is to create a high precision tracker able to
work with fluxes up to 10 MHz/cm?, without significant
efficiency loss. The research Is looking to design a
robust detector that can guarantee radiation hardness

large scale
the rate

Layout

Current anode layout for the Small-pads detectors:
* plane segmented In a 48x16 matrix
* Small-pads dimensions 0.8x2.8 mm? (1x3 mm? pitch)
* Total active area of 4.8x4.8 cm?
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Gain measurement procedure

Measuring the current and the signal rate

from the mesh, evaluating gain as:

g
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Pol1 Fit
=  Measured points (fitted)

= Measured points (not fitted)
95% C.L.
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. With X-Ray gun rates
are directly measured
for low Intensities, and
then are extrapolated
for high rates.

Method validation:

vChecked the linearity
of the X-Ray gun (|

Xray
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vs Rate)

vExtrapolation method
from small range of
validated
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Tests with new gas®

To extend the stability range of the
detectors a small portion of iso-butane -

was added forming a new mixture:
ArCO,IC,H. (93:5:2)
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Xray

| —#— DLC20 (ArCO;)

—+— PAD-P3 (ArCO3)

L —#— DLGC20 (ArCO;+iCsH10)
PAD-P3 (ArCO;+CsH1o)

Mesh voltage[V]

Stability measurements have been carried out with both gas
mixtures, applying a constant irradiation for long times. With the
addition of Iso-butane, it has been possible to reach stable
working conditions for higher Gains (G>20k).

8000 10000 12000

SIGI—— E—
‘5 107 = =
s ArCoO, =
L
7
=
4:,“ 107 —— e
Q = i —
< L] i
EEEET 540V, 545\ 55::w| . Y H 560V i
107 = St S T i i e
< 10° = ! il
= : | =
E - ArCOle4H,0 _ =
S i
=107 £ =
IE [ ]
g 475y A8SY 490V A95Y 500V 505V -
8 — —
< 10° g e - _:'___‘I__:'_-__________:r_::...__;.__J___|___:__|___L__...___|___|.__J___|.__;.___|___L__4.___|___|.________________'_______________________.u__J___;.__JI
18000

14000

22000
Time [s]

------------------------------------------------

e —

<“Multiple detectors with different resistive schemes have
been tested, with ArCO, 93:7, at a Gain ~10k (and

average collected charge - with X-rays - of 2x10°
electrons) , showing very satisfactory results in terms of

<+Stability tests demonstrated that even higher gains can
ne safely reached with the addition of only 2% of Iso-

o
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«— Resistive pad

4 Embedded resistor

™~ Readout pad

\ lars

DLCA1
Top layer

DLC2
Internal layer

One connection to ground through vias
from top and internal DLC layers

Resistive schemes

= PAD-Patterned:

... .— MESH (bulk technique)

Resistive pads exposed in the active
area connected to the r/o copper pads
through embedded resistors.
Resistance from top pad to copper
pads ~ 7-5 MQ)

= Diamond-Like Carbon uniform layers:

Top view
LT LT
AR R
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Ground Vias DLC1 Ground Vias DLC2
(top layer) (internal layer)

Two parallel layers of
DLC connected through
conducting vias
Resistivity of 20-50 M)/
for various prototypes

High rates capabillities

With the help of Cu absorbers, more
than 4 orders of magnitude of fluxes
have been studied. Different behaviors
for two different resistive schemes:

= PAD-P loses gain slowly, but at
~constant rate, mostly due to the
charging up effect

=DLC has constant gain, up until

~1MHz/cm2, where its gain loss Is
fully accounted by Ohmic gain drop.

Gain
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Gain

HIgNh gains

Tests carried out with the new gas
mixture showed the possibility to
reach Gains above 20k also In
extremely high irradiation conditions.
In terms of performances, this is an
unprecedented result, as never
before the Small-pad detectors were
able to cope, with excellent stability,
rates greater then O(10MHz/cm?) at
such Gains.
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Conclusions

rate capability

putane to the gas
—uture outlook:

+ Get a more detailed understanding of the charging up effect

+ Carry out ageing studies with the new gas

TIPP 2021

PAD-P3 (latest prototype)
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® DLC20 ArCO; (518V)
® DLC20 ArCO2+iC4H1o (490V)

®  PAD-P3 ArCO; (535V)
PAD-P3 ArCO,+CasH1o (505V)
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