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A 3-years-long journey...

Langres 7 A T Breisgau :
/ g I}/‘pﬁmﬂ éuse ,;ﬁajlﬁf"’-' s, A cwh \ /
B e @
2 “g s Winterthur ;
Dijon TR

"

PhD @ Bonn Uni

paune _\°

-sur-Sadne .

= Lons-le-OSaunier : y g

Ny Eéusann
74 O

-

2 -~
[0 deth S
Bourgan-sr,esse,zf cve
o l'. )' L)
Q/lllefranche'-éur-Saona,

:.jAn :

o
B \——'\lf

\\'\

Project supervisors:
Leszek Ropelewski
Joerg Wotschack

A “A Bergamo
TS A T egnano A D
W Biellat \g PoMonza %

Brescia-

=T 0/

Vigevanoo Milano
L] -

Paviac  piacenza

.," .a’,,_ R(
< ; /o ,Parmad g

PhD advisor:
Ian Brock

/
vDec 2008 — Nov 2011




Marco Villa 19-22 Sep 2012
MC-PAD closing event LNF, ltaly

...a journey in Wonderland
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What is a GEM?

N

Gas Electron

n

Charge amplification structure

Fabio Sauli (1997)

Multiplier

soum Kapton clad on both
faces with 5um copper

Double photolithography and
wet chemical etching

Bi—conical holes: 140um pitch
and 70-55—70um diameter
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How does a GEM work?

@/ \\_ - Ionization charges drift
under ~kV/em cathode field

T VI | g ~400V across GEM
T —
e e : :
e — Field gradient focuses
[— - electrons into holes
B - ~100kV/cm field initiates
i N S = - avalanche multiplication
/ ‘..\ ‘\_\‘. A AL "_./,.,/ '/ \
\\ /"./'/ K
<2 BTN > Electrons induce a signal on
the independent readout

\. AN P
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Towards large area GEMs

Increasing demand for

q_): large area (~m?2) GEMs
&0
= . .
QO Photolithographic masks
=~ positioned manually
<
) .
@ ~loum required pattern
= alignment precision
[~
Not feasible for linear
dimensions >30cm
o

.

" /..and the strategy |

Use single mask
photolithography

2007: start to enhance
etching chemistry

2008: ~0.2m? prototype
triple GEM completed

Conical holes, rim of
exposed polyimide
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Choosing the holes geometry

/ 2 H 01 eS di am et er an d \ / o B Attachment WAnode M Llowerelectrode M Polyimide M Upper electrode \
] Steepness tunable at will
CD 80%
j:) What’s the best geometry? .
< :
o0 : { o
S ANSYS: field 8 s
=
S § o
ﬁ . ] g
E’ Garfield: charge drift and o
.S multiplication .
m AN 10%
Transparency studied as a >o,
\ fun cti O n O f th e h 01 e Sh a p e \ 95-55 85-55 75-55 GS-GSCSOm“N:;::; " ["S“S‘;GS 55-75 55-85 Sj
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Improving the time stability
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Charge buildup on dielectric B
worsens time stability
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Rim from top copper etching
while piercing bottom copper
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Need to shield upper electrode

Y
A —

Rl

‘A

Electrochemical active
corrosion protection

-1
-

~
N,

A

Minimal rim (~pum) needed to
prevent damage from sparks

v Removing the r
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Boosting the gain

Homogeneous and perfectly
defined holes of tunable shape

Procedure is reproducible,
electrodes clean and polished

Still, gain and time stability
are not satisfying

Need for field focusing
elements inside the holes

Remolding the holes |

Post processing restores
traditional bi—conical shape

a




e

Marco Villa 19-22 Sep 2012
MC-PAD closing event LNF, Italy

Large area GEMs

Single mask bi—conical GEMs with electrochemical active
corrosion protection

Complete control over all the geometrical parameters

Performance is compatible with traditional GEMs; outgassing,
aging and radiation hardness are expected to be as good

Process is reproducible with high production yield

Scalable up to square metre size, in principle limited only by the
dimensions of the base material (100x0.61m?2)

Concluding...

Compatible with PCB standards, price drop of 1—2 orders of
magnitude in case of large volume production in industry

~
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What is a Micromegas?

Micropattern gaseous detector

Ioannis Giomataris (1996)
/Dharged particle
£

HV

Structure

Asymmetrical parallel plate

Ep~ 1kV/cm Drift gap 1Tmm - 1m chamber

----------------------- v S M HV
E.~ 50 kV/cm Amplif. gap ~ 50 um

[___ A —_] oL

! vy

Amplification gap ~100um
thick defined by metallic mesh

Bulk process: woven mesh is
stretched on pillars created by
photolithography

"~/ Micro Mesh Gaseous

.
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How does a Micromegas work?

& Ionization charges driftunder (| | | 1 111 ] |
ges drift under Ll L bt 4t
~kV/em cathode field co«g; T?&t&” oo |+
| | [’
~600V on Micromegas ij'I 5 S B R
Meash Pitch 50pm ’""'l”T-"”" =2y '"'Tl"i—'f"""[
. . 1+ AT [ A
Field gradient focuses AL AN \ :
electrons into mesh openings / A

far
"""""
" e

~100kV/cm field initiates
avalanche multiplication

~ns electron signal followed \m"é-"'c‘mo ?(fm?:'l‘m)
by ~100ns ion tail amplification

i i

\_ i s,
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Reinventing the (ATLAS) wheels

Micromegas are one of the
candidate technologies

Present small wheels:
MDTs, CSCs and TGCs

MAMMA: Muon ATLAS
Micromegas Activity

LHC luminosity up to
2x1034cm~2s™! after 2018

Gain ~104 needed for high
MIP detection efficiency

Expected rate on small
wheels: 6.3kHz/cm?

Raether’s limit ~107; ~103
electrons may cause sparks

New small wheels...

MDTs limit: 150Hz/cm?
CSCs limit: 1kHz/cm? D

4 .
/.. novel Micromegas

Need for new small wheels Need for novel Micromegas

/
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Lowermg the dlscharge probability

- - Multi stage amplification
. Structure

Sparks suppressed thanks to
charge diffusion

Preamplification GEM above
the Micromegas mesh

Gain measured with X—rays

Discharge probability
estimated with a—particles

f vSplilling the ga
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Don’t invite sparks to the party!

N

>, Discharges reduced by
a one order of magnitude
@)
e
o Scalable to m? area
ks
—
24 Qutgassing, aging and
'Jb:“.O radiation hardness
i= expected to be good
< | .
Considerable increase
of detector complexity
.

Spark probability

:

0.01 4

1E-3 -

- “M
= uUM+GEM @ 325V
= UM+GEM variable

L 1
1000
Gain
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Neutralizing the discharge effects

Dead time due to mesh
Mesh support pillar Resistive strp recharging after sparks
- o o o o o o o Avoid shorts with
PCB rounded anOde
\ L \ 5
Insulator {% Cu readout strip
e — i Readout covered with

FR4 layer topped with
grounded resistive strips

Based on standard PCB
photolithography

\
GND Copper readout strip

f vDumping the sparks
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o

arks, | don’t fear you!
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Discharge tolerant Micromegas

Bulk Micromegas with resistive grounded strips

Great MIP efficiency improvement thanks to reduced
dead time (sparks dumping)

Better space resolution thanks to charge spreading

Compatible with bulk processing and PCB industrial
standards; scalable up to square metre size

Concluding...

All the requirements for the new ATLAS small wheels
are met — moving to implementation studies

~




Much more than a job...

...an enriching

U English & French

3 C++, ROOT, Origin,

5 ANSYS & Gartield

% Propose, organize, manage,
supervise & tutor

Take responsibilities
& make decisions
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After MC-PAD: what’s next?

Working on my PhD

p

: - : D
4 thesis: “Developing =~ Continue in academia
- and evaluating new = or research
@ Micropattern gaseous "5
vn detectors” J
Q;_)‘ ~ Looking for post-doc
Q. PhD advisor: o Applied Physics
e « Dr. prof. Ian Brock ©
QL Bonn University : Detector simulation,
2 g R&D, DAQ and data
Thesis defense L> analysis
\ expected in November




The Good, the Bad and the Ugly

Hardly any defect

I Superb training, generous resources,
access to a huge intellectual pool

! Unus pro omnibus, omnes pro uno

¥ Trust: freedom and responsibility

%] Industrial partners
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