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® Resistive Micromegas belongs to MPGD family:

A metallic micro mesh separates the drift
volume (2-5 mm thick) from the amplification b e
volume (~100 um thick); ‘

electrons and ions produced in the Micromesh

ificati i o W AR N
amplification volume are collected in 1 ns 128 um ’] i l ke Riaks A8

TR T

amm» Copper readout strips 1)‘ 150 '

Resistive Micromegas have been developed for ATLAS New Small Wheel upgrade

and ~100 ns respectively; 75 um

2 mm

® spatial resolution < 100 pm independently

from the incoming track angle

®* add resistive anode strips on the top of the readout strips (with insulator in between) to suppress discharges.
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in RD51
Collabc

®* R&D started in 2015 (IN Napoli and omc3) in collaboration with CERN
and with the CERN PCB Workshop (Rui De Olivera) for prototype construction.
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Other detector characteristics:

Mesh added with bulk technique
Conversion and drift region of 5 mm
Operating with Ar/CO,(93/7) gas mixture

BIODOLA OLA




O

®* Two different resistive layout have been developed:

\\;\) DETECTOR DESCRIPTION: RESISTIVE LAYOUT

® FIRST SERIES: EMBEDDED RESISTOR:

Pad-patterned embedded resistor layout with

. .4~ Mesh
&« Resistive pad
<— Embedded resistor

screen printing (3-7 MQ) with the same size
of readout pads.

R/O PCB Readout pad

Side view

®* SECOND SERIES: DLC LAYER

Two continuous resistive DLC layers (50
MQ /0O0) interconnected between them

DLGA

Top ayV Top view
DLC2

and to the readout pads with network of
conducting links with the pitch of few mm,

Internal layer Copper readout Pads
One connection to ground through vias

from top and internal DLC layers
EVERY ~ 6x6 mm2

to evacuate the charge

Ground Vias DLC1 Grouﬁd Vias DLC2
, (top layer) (internal layer)
14TH PISA MEETING ON ADVANCED DETECTORS - LA BIODOLA - ISOLA D'ELBA - ITALY May 27th - June 1st 207C ]




® Two radiation sources have been used:

® S5Fe sources with 2 two different activities

Xrays Gun

* "Low activity" (total rate of 1.3 kHz)

* "High activity" (total rate of 128 kHz)

* 8 keV Xrays peak from a Cu target with

different intensities varying the gun excitation

current

® For both prototypes gain have been measured
with two methods:

i T e L

®* Reading detector current from readout pads with a
picoammeter and counting signal rate from the mesh

® Analysing signals from mesh with an MCA
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GAIN AND "CHARGE UP"

*Fe Gain comparison Current as a function of time

High *Fe (May 2017)
Low *°Fe (May 2017)
Low *Fe (May 2017)
Low *°Fe, MCA (December 2016)

¥ Vipaey=550V Low *Fe (10x)
=550V High *°F

Current (nA)

150 200 250 300 350
Time (s)

Measured gain is compatible with resistive strip bulk micromegas

Observed a 20% gain drop from from Low (1.3kHz) to High (128kHz) intensity °>Fe source
Observed a current drop of about 20% in current as a function of time with High °>Fe source
20% gain reduction is due to the dielectric "charge-up"
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* K\) GAIN VS RATE
\

® The gain of the Embedded Resistor Xrays, HV 530V - 730V

O prototype has been measured as a

. aémm collimator

function of the rate of the incident

radiation.

® 20% gain reduction @ 10 MHz/cm?
with X-Rays.

® Gain is still about 4000 for rate well
above 150 MHz/cm?, corresponding

to a gain reduction of about 40% 5 | | . zou
Rate(Hz/cm?)
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CHARGE SPECTRUM

High °>Fe Charge Spectrum

®* Comparing the charge
spectra measured with
MCA for both prototypes
is evident that the second
series prototype have a
better energy resolution

and a slightly higher gain
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' W Embedded o = (35.7 +- 0.05)%

- A4 DLCLayeriu=(138 +/-0.02)%

2000 ﬂﬁﬂ 4000 5000 6000 7000 8000
ADC count
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GAIN AND CURRENT STABILITY

® No current (and gain) reduction as a function of time observed with DLC series

® Gain with "High55Fe" source for DLC is compatible with Embedded resistor gain with

"Low 55Fe" source

*°Fe Gain comparison

High ~"Fe DLC (Oct 2017)
High *°Fe (May 2017)
Low *Fe (May 2017)
Low **Fe (May 2017) : :
Low *°Fe, MCA (Dec2016) | ... %8 ™= ‘..

0 E
1 | 1 1 1 |

| 1 | 1 I
1400 1450

L 1 L l
1500

L1 L1 1 |
1550

1 1 1 1 I
1600

11 650
t[s]
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GAIN VS RATE

DLC_XRays: Normalized Gain vs Rate/cm”2

—
[e)

®* 20% gain drop around few
MHz/cm? with a resistivity of 50-
70 MQ/0O0 with X-Rays

~780V.

HV = 5

With 1 mm X-Rays beam spot no
gain drop is observed up to
several MHz/cm?,

Gain/Gain0 [a.u.]

Gain drop depends slightly from
the pitch of the conducting vias
between the two DLC layers and

the readout pads. . SR O O LS O SO S

* "Right" means 12 mm pitch | e O smm e O i HOGL T 0 1 3

* "Left" means 6 mm pitch S R S S
Bevowedewedonidendadecdi e Lol [T O NS T U0 U0 N IO SR bovoedoidondend.

10° 10°

Rate [Hz/cm/2]
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DETECTOR CHARACTERIZATION: SUMMARY

Embedded resistor:

DLC Layer:

* Current (and gain) drop of about ® No current and gain vs time drop

20% after few tens seconds of

irradiation at 128 kHz shown

o
® Energy resolution . ~12%

* Dielectric "charge-up"

° H 9 ~ 0
Energy resolution P 30%

® Rate capability with X-Rays (20%
gain reduction) ~ 2 MHz /cm?

® Rate capability with X-Rays (20%
gain reduction) ~ 10 MHz/cm?
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Experimental setup in 2017

Pad signals have been readout by APV25 chip

and SRS system developed by RD51
collaboration.

Tracking system with two resistive bulk strip MM

Scintillator hodoscope for trigger

s Pad orientation
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Results from muon beam (2016)

O ® Resolution in precision coordinate of the order

or 190 um

® Resolution in second coordinate of the order or

800 ym

® Alignment and rotation correction were applied
track extrapolation error (~50um) not

subtracted

14TH PISA MEETING ON ADVANCED DETECTORS - LA BIODOLA - ISOLA D'ELBA - ITALY

§ SPATIAL RESOLUTION

Entries 25083
Mean 0.015 + 0.001
Std Dev 0.211+ 0.001
x2 / ndf 446.185 / 56
Constant 2563.058 + 20.660
Mean 0.015 £ 0.001
Sigma 0.190 + 0.001

Entries 22523
Mean 0.011+0.005
Std Dev 0.746
x?/ndf 114.309/97
p0 447554 + 3.328
p1  —1.240 + 0.005
p2 0.081+0.003
p3 1.202 + 0.193
p4 1.239 + 0.005
p5 0.081+ 0.003

residuals [mm




K EFFICIENCY
\l\j ® Efficiency greater than 99% for muons and still above 98% for high energy pions up .

to a trigger rate of 400 MHz, corresponding to a pion rate of few MHz/cm2 in the

O middle of the pion beam spot

_ Muons beam (2016)

... cluster efficiency: 0.998 @plateau ... .
4 software efficiency (1.5mm): 0.994 @plateau

v 50 efficiency: 0.990 @plateau

50 100 150 200 250 300 350 400

r trigger rate [kHz]
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SPATIAL RESOLUTION

Results from muon beam (2017)

® Resolution in precision coordinate of the
order or 120 um

® Resolution in second coordinate of the order

or 800 um

® Alignment and rotation correction were

applied track extrapolation error (~50um)

not subtracted
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2/ ndf = 453.8 / 235
po 672.6

p1 0.03941
sigmaN 0.1084
p3 63.92
sigmaW _ 0.3884

e

T -

02 04 06 08

residuals [mm]

2

residuals [mm]




®* Next steps are following two parallel paths:

® Optimizing sheet resistivity and pitch of the conducting vias pattern in DLC double layer

prototype to cope with the requirement of a full operation beyond tens of MHz/cm?

A first version of a prototype with embedded electronics on the back-end of the anode
PCB have been built to solve the problem of the signal routing when scaling to larger
surface

Unfortunately the first
prototype showed many

electrical problems.

* After the debug a second ki _ FE Expanded view

version is under production
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SUMMARY

Two small-pad resistive micromegas, with different concepts of the spark protection resistive system, have been
tested and compared :

Series-1 with patterned resistive layer shows

® a very good performance under high rate (operate with a gain of 4000 at 150 MHz/cm2 with X-rays);
moderate energy resolution (i ~30%) (not critical for us);

good position resolution (~200 pum);

evidence of dielectric charge-up effects (reduction of ~20% in gain and then saturate)

Series-2 with uniform DLC resistive layer PRELIMINARY results show:
Gain drop vs rate with X-rays is small (20% @ 2 MHz) even with a too high DLC layer sheet resistivity (50 MQ/0O0).

Much better energy resolution (éfle%) (expected — more uniform electric field — no pad border effects);

no evidence of significant charge-up effects;

very good position resolution (~120 um however with larger tails);

Prototypes with embedded electronics will be tested very soon
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DIELECTRIC CHARGE-UP

Gain has been measured moving the 1mm collimator Xrays beam along x and y
direction with 0.1 mm steps

Modulation is compatible with pads dimensions

8 9
pos y [mm]
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EMBEDDED RESISTOR:

350 2 /ndf 697.8/359 x?/ndf  3018/635 x?/ndf  5495/684
3 ' ' Norm 1861 +23.4 3 i ! ' ' "I Norm 3683 £ 24.2 8 ! ' ' ' "I Norm 2778 + 17.6
E MPV 204.6 + 1.5 E F MPV 3535+ 1.8 = MPV 437.8 + 2.2
& 300 Width _ 72.47 + 0.68 g 600F Width __ 138.7 + 0.7 & 500 Width 1885 + 0.9
250 500 E E 400 :_
200 400 3 -
_ - a 3 300 _
150 —HV,,,, =460 V a00FEd —HV,,, =480V ] : — HV,,,, =490 V
F ; 200
100 = = Landau fit 200 = = Landau fit 3 = = Landau fit
50 100F = 100
PR T T T T T s E . .
092 500 1000 1500 2000 2500 0 ~"'500 1000 1500 2000 2500 3000 3500 4000 00 ~"500 7000 1500 2000 2500 3000 3500 4000

cluster charge [adc] cluster charge [adc] cluster charge [adc]
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K\) CLUSTER MULTIPLICITY AND SIZE

e HV p=480 V..

S HV =500V

10

number of pads per cluster

number of clusters
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® 3|l clusters

€
E
=
S
=
0y
©
-
°
7
)]
o
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Residuas width [mm]

e clusters with >2 pads
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DLC LAYER:

- == Landau fit

PRI [ S S T [ T SR T Lo
500 1000 1500 2000 2500
cluster charge [adc]

o
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-
~

- == Landau fit

o

PR RN (N T TR T SR [N SN TR TN TR (NN TR N ST TN M S R M
500 1000 1500 2000 2500

cluster charge [adc]
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\.\5 CLUSTER MULTIPLICITY AND SIZE

e HV,,,,=490 V
— HV,,,,=490 V

o HV,,,,=510 V
"=t HV yp=510 V

4 5 6 7 8

number of pads per cluster

number of clusters
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